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THE _PREPARATION OF PYRIDINE DICARBOXYLIC ACIDS
BY OZONE OXIDATION

- INTRODUCTION

Aromatio’diaarbexylie acids have recently
gained an Imbdrtanb place as synthetic intermedistes
in the preparation of medicinals. A simiiar group
of important cbmpounds which have not been thorcngﬁly
Anvestigated as aynthetic 1ntermediates are the
pyridine dicarboxylic aai&s., This is due 1n part
to the difficulty of obtainihg suitable quantitiea
of these acids by convenient methods. -

| In an attampt to develop a ccnvenienh aynthesia
for quinolinic acid ( I ) (pyridine-2, 3-dlcarboxylic
acid) and éinchomeronla acid ( II ) (pyridina»3,4~
dioérboxylio acid),'& study‘waa made dr the/ozone

: GOOH
COOH COOH
. JCOOH ‘ ,
N ) b
r iL

oxidation of qninolina, 8~-hydroxyquinoline anﬂ ,
isoquinoline. Mainly out of theoretical interest,



the investigation was extended to include 6-amino-
quinoline, Genitroguinoline, 6=fluoroquinoline, and
6~f1uorm~3-am1noquinalina. ( B -

Tha manufacture of pyriﬁina aicafboxylia
acids by thﬁ action of ozene on quinolinﬁ and 1ts
derivatives has been previously claimed by Ennist
in a British patenﬁ 1&‘1914. However, the patent
completely falls to report any detalls concerning the
ogonization praoedure; the isolation and characterigzation
prroceeaes. and the yialds., ﬁo cther rafarencaa regarding
"the mction of ozone on these Gompounds sppesr in the

‘°1iterature.~

A;' Preparation of Pyridine Diuarbo lic Aci&

, , Quinolinio acid was first synthesized in 1879
; by the alkal&nﬁ oxidation of quinolina with potassium

permanganate 6'3’4'5’6’7’ Proqee&ing on the principle
RMno, COOH
Alkell COOH
H ‘ : N

that the pyridine nucleus is more resistant to

oxidation than the benzene nucleus, guincline obtained



from coal tar was oxldized by the heating of an
alkalline solution with potassium permanganate. FRemoval
of the insoluble mengenese dioxide by filtration and
‘acidification of the remaining solution gave quinolinic
acid in low ylelds.®

a A significant difference in the pyridine
nucleus and the benzene nucleus of quinoline is that
substitution affents the benzene nucleus exclusively,
whareaa varioua aubstituﬁad grcupa can be inﬁroﬁuc&d
inte the pyridina nncleua only by indiraet methaaa, |
for 1netance, auring synthesis. This differanca is of
interest because sueh substituents as hydroxylsﬁg!lavll
math314 and sulfonic grcups 1n the benzene nucleus
facllitate its Qxidation. Bubstituta& greuya in the
pyridine nucleus, hoﬁaver, show no affeaﬁ on the rate
of oxidation of\the bénzene'nuc1eus and remain unoxidized
in tha pyridine aualau&, thua parmitting the synthesis

of numerous substitutad qninolinic acid darivatives.

 mmo, ~ Ocoe&z
o
4 0
R Alkall R N CooH

N | e

Utillzing the principle that the oxidation of
the benzane nucleus 1s facllitated by tha presence of

substituted groupa, Suchardalg synthasized quinolinic



acld bJ the oxidation af Bwhydroxyqainoline with nitric
acid. The oxidation waa carried out slowly by the
drbpwise addition of nitric acid to guinoline over a
twenty-four hcur'ﬁeribd;r‘The solution was partially
evgporated aﬁd‘the Quinclinia adi& which separated from
solution was further purified by recrystallizations
Thé\gninclinia acid thus obtained is usually in the form
of«é nitrate, aﬁd hydrciyaisyand further“purificaticn"

are necessary in order to obtain the pure product«
GOQH
HN“ GOOH

The foregoing methods for the preparation of
quinolinic acid by the oxidation of quinoline or sube
gtituted'qpinolinea’with alkaline permanganate or nitric

ac1d15‘14’15’16 17 are, according to Btiks and Bulgaehla

unaatisfactory for the continuous preparation of larga
‘quantitiea of quinalinic acid, 4 mnra feasible method
is offered by the oxidation of quinoline with hydrogén
peroxide in the presence of copper sulfate. Hydrogen
peroxide alone does not appreciably attack‘quinoline,a
but in thé presence of copper sulfate and sulfuric acid,

an insoluble quinolinic copper salt separates from the



solution in 70% ylelds. The addition or presence of
ferrous sulfate, however, not only results in san
epprecisble attack on the benzene nucleus, but also
on the pyridine nucleus, splittzng off the nitrogeﬁ‘
with the evolution of mmonia. It 18 thought that in
bcth'casesftha oxidation first &1sruptﬁ'tha‘benaane
nuclous, but that in the case of the copper sulfate
the oxidation is much faster, and tha.quinalinic scid
primarily formed does not form an 1naaluble’1ron salte
Therefore, tha quinalinie aeid is net remevaa frcm the
field of exiéation, and splitting af tha pyridine nucleus
with the aiiminaﬁian of armonia fallwwa. Thus, minuta,
quantitiea of iron present in the raaeting solution
tend to reduce the yielda The limiting value below which
the iron content appears to have little effect is 0.04%,
but’tha:preasnce of 0.2% of iron outs the yield from
703 to SO%. , |

‘Quinoline may also be oxidized electricallylgn&oi
ﬁlogz at & platinum anode in 75% sulfuric acid, to glve
a yleld of 77% quinolinic acid. The quinolinia acld is
separated frdm'tha'analyte by washing with 307 sodium
hydroxide until just acid to Congo red, followed by the
formation of the ¢opper salt and the regeneration of the

guinolinic acid by treatment with hydrogen sulfide.



Cinchomeronic acid (pyridine-3,4-dlcarboxylic
acld) 1s considerably more difficult to obtain than |
quinolinic seid. It is prepared mainly by the oxidation
of'qninine'hydrachléride with nitric acid,®0924s25,26.

It can also be prepgrea, 1ike ‘quinolinic ameid, by the
alkaline oxidation of 1scquinaline with thaasium ‘

permanganates R7,28

Kmno4 COOH COOH
(::]:::] Alkall (::)GGGE [::]GGGH
The pyridine nucleus in isoquinoline, however,
is hot a8 stable as that 1n’quiholina, and oxldation
attacks both the benzene nucleus and the pyridine
nucleus sasimultaneously, producing einchomeronic acid ,
and phthalic acid. Substitution of various radicals in
the benzene nucleus facilitates the oxidation but
apparently does not prevent'the oxldation of,the‘pyridina =
nucleus.
B Cinchomeronic acld has also been prepared by
‘the oxidation of 3,4~dimethyi pyridine®? in small yields,
but the extreme difficulty of obbaining 5,4-dimethyl
pyridine makes this method impractical.
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B. onnizatiﬁnsﬁaacticn:-;

, The thﬁoretical traaimﬂnt‘ef ozonolysis has
bean’applieﬁ auceessfully to many;qnaatibns of at?ﬁetﬁre,
but'until-reeéntly its utilization as,a;meansfoffsynthaszs
has not been éxtensivély,developeda .The slow development
'br‘thé utilligation 6f‘ozanoiyais forfthe‘aynthasis of
organic compounds can be readily undérétood when one
considers the various factors which’govern the reaation."
Such factors as‘the;ozona concenbratien, the duration
and rate of ozonization, the témperahﬁre'of the reaction,
the solvent, the aonnantratidn of the solutian.‘end,
nost important of all, the decomposition of unstable or -
highly stable bzonides{are‘all sensitive and important
factors.

' In formulating a theory of ozonolysis, con=-
sideration must first be givénfto the structure of the
ozone molecule. ﬁaﬁy arrangements of the oxygen atéms
have bgen preSthe&, of which:tne'twa'mﬁat commonly

considered are: 39

0 : '
7\ ~ e
o —o 0= 0==0

The structure essigned to the corresponding ogzonide,

asaﬁming either of the latter structures for ozone, is:

Ry— C—0— Ry
0 0

\0(



However, upon reiuctlon, such & structure yields glycols
and not aldehydes and'katcnea, as obtailned sxperimentally.
The pronounced reacfivity of one of the three oxygen
atoma &n the ozone molecule is not aecounted for by
either of these atrueturea, and a third formula, in which
two oXygen atams are linked by a double bcnd, and the

third by a coordinate covalent bond, is eurrently aenepteaa§1

The ozone molecula is‘not 2 linear moleculs, but‘phyﬁieai
measurements indicate the angle between the oxygen atoms

to be 127° The atrucﬁure assigned to the correeponding

primary ozonide is: | | |

Pp—¢—0—Ry
0—0—0 "

This 18 then belleved to change, sometimes with explosive
violence, into an lso~ozonide, which appears to be the

stable form:

0\ ,
R —R

7/
2—§¢ B—FRy
 0—0

It has been found necessary to vary the con-

centration of ozone bubbled through a solution to be



"G

agenized in accordance with‘tha nature of the compound
béing treated. ‘A-high conaentfation”of,ezcne (14~15%),
faail;tateslaaditiOn of the reagent Eo aromatic’enmpnunds,
an@igubétances,with cqnjugated ﬁoublé-hendaﬁg, whereas.
& low concentration (1~5%); is eégential for the isolation
of certain a;&ehyﬁgé which are sensitive ta-oxidatién.
The‘concent?ation Qf the nzone‘maylﬁa reduced by passing
the gas through_araéluticn of godiun hydroxide before
entering,the‘ozcniaatian vegsele In aimost evefy instance,
excossive chnization‘mg&t‘be avoided, because of the
 bx1dative\e£faut ¢f the excesa ozone on the reamction
products. when ccmplahe.absorption'cf ozdne does not
oceur, this factor becomes one of the most difficult
problems 1n the reactionc

A numbar of aOIVanta have been fauna useful,
‘andnho general rule can ba‘stated for the‘pruper-aeleatlon ,
of & solvent. Although substances which are sttacked by
czone would seem inapplieable, this §8 not necesaarily
tne case,for methyl aleohol, chloroform, and other
1iquida known to ba aensitive to ozone have been used
successfully. _Dry, pure, ethyl‘acebate, according to
‘Fishersﬁ, is the beat aolvent for a number of alicyciic‘

and aliphatic uns’ aturated compounds. Acetic acid,

hexane, petroleum ether, carhon tetrachloride, and
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methyl and ethyl chlorides have been ueed‘auceessfnlly,
| The concentration of the solutlion may be varied
widely but for most olefins, dilute solutions end low

33

temperatures are preferred“”, For aromatic substances,

in cases where the material is liquid, no solvent is
necessary, but the danger of explosion in auchyaéaes |
is greatly increased.

The relative raﬁea of ozonlzation of different
compounds have been studied. Compounds conteining two
- econjugated double bonds were f@uﬁﬂ to addthﬂ~fifst mole
of ogone mbre;rapidly than the second30, Brus and

54 azonized atyrene, phanyloyclohexana,

Peyresblanques
benzeno, and heptyne, and found that, with a 9 to 10%
eonéehtratian of ozone,,benzéne sdded ozone exhremély
slowly, and hbptyne maderateiy 8os The other compounds
‘added one mole of ozone very rapidlyu

" Noller®® ozonated a number of compounds,
plotting the unabsorbed ozone against the equivalents of
ozone entering the solutlion. From hils data, he drew the
following concluslons: A double bond unaffected by the V
prasencefcf_bthep'groﬁpa édded ozone exbremely rapidly,
but‘the réta was mafkedly décreésed when the double bond
was conjugated withkcarboﬁyl groupa;f Three or more
phenyl groups gr two chlorine atoms attéché&mto the

double bond carbons also decreased the rate of addition.



‘filf

¥here two or three double bonds were conjugated with

| aadh other, one bond added ozone rapidly while the others
aﬁdad-&t~cnlyvslowly;l In,tha}casé bf cis~trans isamers'»'
*“wharevthé rate of ad&i%ioﬁ~waa deQreasaﬂ by other groups,
the tranauiscmerﬁaa&ed‘czohe more rapidly than the
eis»form§6-' Ozone also reacted more veadily with s
carbonétaecarbon dcuhla‘bon& than with a ﬁityogen-to-

carbon double bond.,.

C,' Decompm&iﬁion of Ozonides:

- The significance of the ozonigation method
for the proaf»of structure and prepaéative purposea
1s diminished in many instances because of the unsatis-
factory deocmposition of the ozonide. In general, the
ozonides of the higher aliphatic, simple, unsaturated
hydrocarbons are very stable, like those of hydroaromatic
substéneés; On}tha other hand, the ozonides of the doubly
unsaturated, aliphatié hydrocarbons decompose readlly.
'Aliphatic ozonides containing oxygen in other parts of
the molecule resct rﬁédily, in almost every easé, with
ice‘water. Of the various ring systems, the ozonldes
of sixkand seven-membered ring compounds are stable in
compariéon with those of five-membered ring compounds,
while the ozonides of very high molecular weight come

pourds, like rubber, resinify when heated with water,



Various mathn&s of decomposing the ozonides.
have been investigated esnd developeds Haeful applieaﬁiana
are: Beeamgoaitian.with water, axidativa uleaVagﬂ of the
ozonides with various oxidants, aeaampoﬂztion with
reducing agents, and oatalyﬁiu hydrogenation. StrausS?
decomposed various ozonides by drawing a stream of molst
elr thrcugh the azéﬁizaa selutioﬁ and then edding water
and heatings

Oxidativa cleavage of bzanidea legds to acids
as the products of ozonizetion 38, guch oxidants as
ahromie aaia. pataesium parmanganata, hydrogen peroxide,
and nitric aciﬁ have been auaeeaafully used; alkaline |
perm&nganate and hyﬂregpn parexide are. parhapa the most
useful, Henne and H111%9 obtained excellent yields of
acids by deccmposing the ozonides with 30% hydrogen
peroxide in en acetic acid solution,
| A useful and more agpropriate method of de-
composing ozonides and obtaining aldehydes and ketones
aé the produsts, is the use of certain reducing agents,
usua11y~1mme&1ateiy aftar,ths:initial ozonigzation.
Vahicua reducing agents wh;ah'have been used successfully
are: Aluninum amalgem ahd.watar; zine dust;v glaclal
acetic amcld and heat; sodium bisulfite; potassium
ferrocyanide; end a mixture of zinc dust, silver nitrate,

hydroquinone and waters The effectiveness of these
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catalysts 1s limited by the faat that often the ozonides
must ba removed from their aalventa before reduction,

and the iaolat¢cn of the ozonlde is a &elicate and often
; impoasible proeedura.

Church and Vhitmore®ls4Z found that, of the
various reductian methods for decomposing an ozonide) ‘the
use of zine dust, water, and traces of ailver nitrate |
(0.001 mole) and hsdrcquinmne (0.001 mole) was by far .
the best. The silver nitrate destrayed the hydragan'
péroxide which 13 formed, while the hydroquinene was
added as an antioxidant catalyst, to ratard the oxidation
~ of the aldehydes to acids, Yields as high as 40% of
various aldehydes, and 65% of certain ketonea were

' obtained, The decompeaition of ozonides in the presance
of hydrazine was also studied in the hope that the aldehyde
"or:keﬁone would immediately form a nydrazone as rapldly
as it was produced, thus increasing the yleld. 1In every
caaé; however, the hydrazine was recovered @ractically
quantitatively. |

| The use of non-aqueous media such as acetie
anhydride, proyionic anhydride, and liqnid smmonia for
the deecmposition of the ozonide has been accomplished
but none of these methoda are promising for the quantitative

determination of the produets, especially the aldehydes,
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A widely accaptad metha& af decamposition,
which givea good yields and is leas hazarﬁous,;wasr  '
developed by Fischer44¢ »It 1nvolvea eatalytic hydra~
genation of the QzOnida in the presance of such catalysts
as platinum~charccal, palladium, platinic oxide,,ana |
Raney nickel. }Gertéln precautions which have beeg;
found to 1nc?eaée the ylelds are: onnizaticn at‘loﬁ
temperatures in &ilute aolutiana, careful avoidance of
excaas ozsnizatioa end hydrogenation at low temyeraturesa
The hydrogenatipn'nsually proceeds varg quickly with
svolution of heat.y The reaulﬁant~seconﬁarj reaction,
an acid rearrangement of thekozohide, 1ncraaaaa with the
temperature and was founa.to be the ma;n cause for low
yieldé of aldehydés and ketcnes45, The formation of
acidS'beéomes negligible, however, if warming is pre-
vented during the hydrogenation. Decompbsition is also
facilitated by the proper selection of a aolvent in
which the ozonide can be hydroganated. Halogenated
solvgnts are relatively poor and must be removed prior
to hjdrogenatién, whereaa;glacialyacetiekaeid and ethyl

acetate ha&erbeen‘aucceeafully*nsed¥‘
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II. EXTENT OF PRESENT INVESTIGATION

The present 1n?estigaticn was based upon an
attempt to develop a convenient method, resulting 1n
good ylelds, for the'syntnésia of'gﬁinclihi¢'gnd i
~einchbméronic adidé.' Fnown methods of obtaining |
theae acids,. as previausly ﬁescribed, are inconvenient
and often result in low ylelds.

e The prepafation of pyridine dicarboxylic
acids by ozone oxidation of quinoline ahd isoquinoline
has been mentioned~in ths pateﬁt literature,vbﬁt details
concerning the oéonolyais, lsolation, and chaf@étér~
iaation procedure are lacking and therefore a thorough
investigaiion of this promising methbd was undertaken.

. The extent of our investigation includes
the study of the ozonization of quihcline, 1aoquinoline,
and Bnhydroxyquinoline in regerd to ozonization con-
ditions, such as selectlve solvents, temperature, rate
of addition of the first and second mole of ozone to
form a mono or diozonide, and the subsequent cleavage
of the ozonides by waber or by oxldative or reductive
methods, including catalytic hydrogehatibn.

Out of theoretical interest the investigation
- was extended to include the synthesis and ozonization

of wvarious amina; nitro, gnd fluoro substituted
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quinolines. The effect of these various electron-
donating and withdrawing groups on the'rate of |
ozonization, the stability of the resulting ozonidé,
and the selective attack of ozone on thevnucleus of

higher electron density were also détermined.’



~17-

EXPERIMENTAL

L- Ozonization of 8-Hydroxyquinoline, Isoquinoline and Quinoline

8 —Hydroxyquinoline :

7 0
3
___—_—.——-_»
\N .
N
OH
Isoquinoline:

/2 0,
——
N\ |

H, O, 7 \~COOH
— ||
90 % . \N COOH

Hy0, 7 y-COOH
45 % Ny _—COOH

Quinoline:

—Jjé&%r-Tures
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' I1I. EXPERIMENTAL

4. Ogonization of 8-Hydroxyquinoline:

CEy T Jooon

O N
B
! 145 g. (2 mole) 167~1 g..(l mala)
145 g (1 mole) 155 g (a.ss mole)

% vield = -2:25. = g5

In a oylindrical azonizatian flask havxn@
a eapacity of 1.5 1. and daaigned for gaud diaperaion of ‘
the oxonized oxygen, wara plaeed 145 Es (1.0 mole) of .
Buhydroxyquinoline and 1 l. af glacial aaatio aeidq |
" The flaek. surrounded by a water bath maintained at room! i
’temparature, was aasembled in the azonization apparatus

'and euhjected to a atream of 3~4% ozonized oxygen ab

40 1. per hour‘ During the early atages of the ozon-

1zation, the solution turned dark brown in color, end 8 ;"'

f»slight riae in temperature was noted. - As ozone was ,[“l
abaorbed, the - solution gradually turnad yellow. The L
4czone was absorbed almost qnantitatively until slightly -
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1esa than one mala had baen adaed; tha aacand mols added
fsamewhaﬁ leas rapidly, aa ahawn by the plot af the |
titratien of ths effluent. gasea on pngﬁ 48, Tha  “
’ozonizatian waa continuaa until no furhher ozone was .i
absorbed, which r@qniras about 90 hours unﬂer these
partiaular con&itions.,

, , Tha antira azonize& solution was placeé in a
3 1. flask fitted with a candenser, & atirrar, and a
drcpping funnal. Tha flask was warmad on a st&am bath,
:and daﬁ g. (2.0 moles) cf 30@ hydregen peroxide was
added dropwise, with atirring»‘ Tha mixtura was then -
.heata& on the ataam.bath for three houra, with stirring¢
”Any aolids presant ‘were. filtarea; the remaining solution
was concenhrated undar vaaunm te apprsximately 290 ml.
and ﬁhen evapcrated to drynesa in s large evaporating
dish,
| Tha resulting yellow solid material was ‘
}thsroughly waahad with 100 ml. of iaemeolé watar and
'filtered on a fretted glaas funnel. Tnis procedure was
’repeated three times. Ths thrae waahinge wera combinad,
the water removea by aVaparation, and the remaining ‘
“viscous matama.l (about 20 g.) mfluxed with 40 g«
af 50% hydrogen peroxida fcr three hours. The reaulting
solution was treated as described above, an& the
orystalline solids added to thnsa previously obtained.

After drying at 50° C. in a vacuum oven,
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the quinalinic acid obteined decompaaaa at 188~190° Co
'1nta a black solid (nieatinia acid), which ramelts at
»428*565 G.: it was aufficiantly pura for moat purposes,f
fbut cauld be recryatallizad from w&ter if a very pure

'product was des&red.‘ The yield. waa 155 g. (93%)» e

B; Ozanizatxon of Isoguinolin947

(COOH

Oz
145 g. (1 mole) ﬁs;‘ 267, 1 & (1 mole) ‘ 166 1 g‘ (1 mola)

st.gs (0.155;mola) 11.4 g. (0.068 mola) 1&.8 & (0.077 mole)

0'0&8

% Kiald - Quinalinia Acid = o116  44’0%;‘
% Yield - Phthalle Acid = —2200 = 49,50

0.155 o

S A solution af 20.0. g. (0.155 mola) of ison
quinoline in 200 ml. of glaoial acetic aoid was ozoniZed
'as previoualy describea. i a small amount af water was

added to the solvant, cinchomeronio acid (11.4 ey 44.0%),5V‘j
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mepe 259-60° C., precipitated from solution during the
ozonization. The solid material was separated by fil-
tratioh:and the filtrate refluxed with 35 g» of 307 |
nydrogen peroxide for two hours. Evapbréiion to dryness
(or continuous ether extracticn) of the resulting solution
yielded 12.8 ge (49.5%) of ghthalie acid, mepe 204~205° Cos
and small amounts of éiﬁchOmerbnlc acid. The yield of
cinchomeronic acid was lowered to 10% when the ozonization

time was reiuced to twelve hours.

Cs Ozonization of gggnolinez

145 g. (1 mole)
72.5 go (05 mole)

The ozonization was conducted as previously
describeds The solvent was removed under vacuum and the
resulting product was refiuxed, in turn, with water;

concentrated hydrochlbrlc acld; glacial acetic ecid;
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zinc, stannous chloride, and hydrochloric acid; 30%
hydragénrﬁeroxidej anﬁ’doncéﬁtrated'ﬁitéié.acid. Tféeea
of quinalinic acid were isolated only 1n the 1&35 two\
cases, ‘as well as upon low pressura catalytia hydrogenation
with 5% pallsdium on charcoal, and subsequent treatment '
mm&%hwm@nmmmwyTMaMManwwm,@m"
steam distiilation in a basic aclution;"did not produce

any unreacted quinnliﬁe; Attempts'to'ﬂistiilvthe compound
under low pressures féile&; the major part of the material
formed a tar, while, to a lesser extent, quinoline and
ozone were regenerated. Thé ozone was detected by the
formation of a sodlum hydroxide ozonate®, which results
from the action of ozone on solid sodium hydroxide and

liberates oxygen when placed in an acld solution,

atudy of sodium hydroxide ozonates is being conducted
~in the laboratory by Mr. Thomes ¥haley..
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EXPERIMENTAL

TI - Synthesis and Ozonization of Nitro—and Amino—

Substituted Quinolines

6-Nitroquinoline:

0
- . i
NHy NHCCHj3 Glycerine
(CH3G0)0 . H2S04
CH3;COOH -~ - As,05
89 % 53 %
NO, = NO,
y NO,  Os
2 W0, COOH
, -
6.0% COOH
N : N

6- Aminoquinoline‘:

Noz Hz ' NHp Os
Pd-Charcoal_ HzO2 COOH
68 % 65 %

COOH
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De Pregaratian oflp-ﬁitrpacetanilideé

;S " K-G-CHg
. CH,CO0H o SR
N
S (0H;00),0 L
Koy IR Y O
138.1 g. (1 mole) 180,2 g. (1 mole)
276,0 ge (2 mo1eS) S ‘532"3. (l;BSYmeleé) '

% Yield = 1.85 = 92,59
2,00

A 3-liter flask waa~charged wi th looo‘cg, of
" glaclial acetic scid and 500 ce. of acotic gnhydride,
rahdyzfé gs (2.0 mblés) of p-nitroasniline nas slowly
added, wifh agitation and cooling, The mixture was
heated on a steam bath‘for‘bna:and'ohe-haif’houra, with
| frequent shaking, end was then poured into s 1arge excess
of cold water, The solids were filtered and washed ,
,first with a dilute hydrochloric acid solution, then
‘with water, The yield of n«nitroaaetanilide. MePo
214-15° G., was 332 g. (92.5%). |
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Ee Preparation of G-Nitroquinoliné:

HO.

[
N-C-CHg | o
. CHpOHCHOHCH, OH
U BS,0p § HyS0,
NOz R Ao
180.2 g.{1 mole) . 174.2 ge (1 mole)

332 g. (1.8% moles) , 170 g. (0.975 mole)

% Yield e= ,..g.:.g.i;i = 53.0%

A 5-liter flask‘equipped with a'stirre&,
thermometer, and reflux condenser was charged with
332 g (1.84 moles) of p-nitroacetanilide, 736 g. |
{8 moles) of glycerine, and 244‘g. (1.50 moles) of
arsenic pentoxide. Then 800 g;'of concehtrated sulfuric
acid was added slowly, at éuch a rate that the temperature
did not exceed'lBéQ C. The mixture was then heated, B
with agitation, for four hdurs at 130° C., cooled, ani
diluted with 5 liters of wéter. The solution was heated
with 100 g. of Norite for one hour, and tha}decolorized
product obtained by filtration. This was followed by
néutralization of the filtrate with aqueous ammonis,
After several rearjstallizations from alcohol-water,
the yleld of 6~nitroquinoline, m.p. 149-50° C., was
170 g. (53.0%).



F; Qzonizatlon of 6=-Nitroguinoline: -

NGCoOH |

s GOOH
Jooon
H0, ) 600
17442 go (1 mole)  167.1 ge (1 mole)

8.7 g (0406 mole) 0.5 go (0,005 mole)

4 vield = %"%ﬁ"* - 6, o*“'
5 TR Q

‘J‘A solution emntaining 8.7 g. (0 05 male) of
'6~n1troquineline 1n 400 mla cf commercial glaeial
’acetie acid was aubjaeted fcr fartyueight heur&, at
- roon ﬁemperature, to a stream of leﬁa ozonated OXygen,
flowing at 20 litera per hour, ﬂpon comple%ion of the
run, the walia of the reaction vesgsel were coated with
Oub He of a white solid material (quinelinic ascid),
MePo 189-900 C. with decompqsition, remelting at
(025~5° Cep yleld = G.Op. Theyazonatedfaolutian was
‘ added to a solution of 50 ml. of water and 60 ge of
- B0% hy&rogen peroxide, then refluxed for.two hours end
concentrated by evaporation. An oil was obtained, which -
was made baaic‘éhd_eitracted'with éthér."3;5 gQ of un=
reacted 6-nitroquinoline and some unidentified tarry |
material were obtained. (No nitrophthalic acid could
be isclated.}
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Ge Preparation of 6*Amindquinq}ine:'

2 Hy \

Pd=-charcoal =
174.2 g (Lmole)  144.2 g. (1 mole)
112 g (0,642 mole) 63 g (0.437 mole)

' 06437 .. 68,0%
% Yigm = genel 4

| A solutionyof'liz'g. (0,642 mole}‘of 6-nitro=
‘quinaline in 800 CCe of absolute slcchol was hyﬂrogenated
under a pressure of twu atmoapheras, in tha presence of /

oO ge of 2% palladium«charcoal catalyst.. When the
hydrogen ahsorytion ceased, (81% of the theoretieal

alue abaorbed), tha catalyst wag riltered and the alcohol
removed by ﬁistillation. The yield of G-aminoquinolina,
mepe 116-17° Cuy was 63 go (68.0%)s |
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He Ozonization of G-Aminoquinolines

e Jooom
; H{; 27 ‘ AN v

K

‘144;2 gs (1 mole) 167.1 g {1 mole)
4,0 go (0.0276 mole) 8B40 o (0eU17S mole)

% Yield = Qe0178 .. '65.0%
. Q0276
A solution tontaining 4,9‘3. (Q.QQ?ﬁrmcle}‘ot

S~-aminoquinoline in 200 ec. of commereisl glaa;él acetio
acid was smbjectéﬂyfo? forty-elpght hours, at room tempera=
ture, to & strsem of 9-10% ozonated oxygﬁn, £leing at
<0 liters per hours Upon ozZonization, the spxﬁtiqn darkened,
but,gréduéllyfﬁﬁrned a.ligbﬁ yellow color. Upon comp;gtiqu
of the run, the walls of the reaction flésk-wareﬁcqaﬁgﬁﬁ
with 1.2 ge of & solid acid, which, upon re@ryatallizatinn
from hot water, melted with decomposition at 190-1° Q.
and remeltéd at 226-6° Co >(Qu1nolinié acid.) The remaine
ing ozonated solubion was refluxed for two hours with 50 cc.
of water and 10 g. of 30% hydrogen peroxide. The resulting
solution was concantrated by evaporation and 1.8 ge of
quinolinic acid was isolated. Total 7ie1d wes 240 g,
(6500%)s | |
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EX PERIMENTAL

]I'L Sym‘hesus ond Ozomzohon of Fluoro and Amino-

Subshtuted Q umol mes :

6~Fluoroquinoline:

NH, Fooo OF
2 Anhy HF ,. %%04 ‘, Hy
_NaNO2 —10% ¢, - _Raney Ni
70 % 74.5% . 61%
NO 2
" Glycerine .
F  GgHsNOp | |
- H2S04 v F O3 r
- HzBO; - ~  H202 - GCOOH
O 92% 4.7 % -GCOOH
| Y ‘_ N7
" NH,

6- Fluoro— 8-Aminoquinoline:

F Fuming ~ Fe
HNO; = GH3COOH
20.4 % 62 5%

F Os '
Hp Op COOH
\ - 43.7% N COOH

NHe
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I. Preparation of Fluorobenzene:

+ OF + Nabo, ——b + NaF 4 Nz o4 Hz0
93,1 go (1 mole) . 96.1 g (1 mols)
279 g. (3 moles) 202 g. (2,10 moles)

2 Yield = g:gg = 70,05

A cirome-steel 2~-liter reaction flask was
charged with 279 ge (3.0 moles) of freshly distilled
anilineg'and 10@0‘5, (50 maies) of‘anhydroﬁsfhydrogen

"fluoride was slowly added, witn agitatian, at 0° G

:Tc this mixture, 25@.5 8o (5.6 moles) of sodium nitrite
was added, with agitation, at such 8 rata that thﬁ |
temparatnre‘did not exceed 10° Cs  The reaction mixture'
&as stirred for aﬁ‘édditibnal hour and waﬁ then connected
tc an ice-cooled ecppar rofiux coll and allowed to stand
overnight at _roon temparaburao . ;‘

- The mixture was then diluted with 600 g. of 1ce
and ateam-distilled;’ The insoluble oil was collected,
washed with 5% sodium carvonste solution, dried over
caleium chlorlde, and fractionated. The yield of fluoro=
benzens, bape 84-5° Co At 735 mm., was 208 ge (70.0%)
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Je Preparation of 9~Eitrofluorobenzene:

P
HoS0 :
+ HNOg e Y + Hg0
- 10° C.
Qg
86s1 gs (1 mole) 141.1 go (1 mole)

245 go (2455 moles) 268 g. (1,90 moles)

1;90 = ~'?4 5
% Yield = 5055 o %‘

A 2-liter flask equipped with a dropping
funnel and a stirrer was charged with 175 ce. of fumiﬁg
'nitéic acid (Sp.G.-i»S) and 350 éca of concentrated
sulfuric acid. With vigorous agita{:ion, 245 go (2455
moles) of fluorébeﬁzené was a&ded'dropwise, at =10° ¢,
The reaction mixture, which becasme very viscoua; was
poured on ice, extracted with ethef, end fractionated.
The yield of p«nitrofluorobanzane, b;p.h114-5° Ce at
40‘mm. pressure, was 268 g. (74.5%).’ | B
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K. Preperation of p-Fluoroaniline:

k oy 4 2 HgO
'Raney nickel - ¢

14101 g. (1 mole) ‘ 111&1 g¢ (1 mole)
2&9 g. (1. 62 moles) 110 g. (0699 mole)

% Yield = 0.8 ezﬂ,o%

]

A solutlén of 229 &e (1«62 molea) of
pmnitrofluorobenzene in 350 ce. of absolute alcahol
was hydrogenated at low presaura in the prasence of' 
Raney niokel catalysh end a trace of chloraplatinic.
acid as & prcmoter. Heat was applied to inltiate the
reaction. When abscrption of hydrogen ceased (gaﬂ of
the theorétiaal amount absorbed), the catalyat w&s -
removed by filtration and the alcohol by distmllationi
The residue was dissolved 1n aqueous hydrochloric acid,
extracted with ether to remove non-basic materlal,
neutralized with sodium hydroxiqe, and again extracted
with ether. The ether extract was dried over sodium
sulfate, and filtered; the ethérvwas ramoved by dis-
tillation., Fractional distillation of the residue gave
110 g. (61.0%) of p-fluoroaniline, b.p. 97-8° C. at
28 mm. | R |
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L. Preparation of 6-Fluoroguinoline:

NHg
§20H  geHgnop [ g
+ CHOH > |
cgoH 112504 5 HgR0s .
¥ e
111.1 g. (1 mole) 147.2 g. (1 mole)
110 g. (0.99 mole) 134 g. (0.91 mole)

_ 0.9l _ 92.0
.‘%Y‘ield‘.. oo = o %‘

To a 3-liter flask containing 31.5 g. of ferrous
sulfate,‘lla ge (0.99 mole) of é-fluoroaniline'and 6644 go
(0.54 mole) of nitrobenzene, a cold solution of 55.6 ge
(0.9 mole) of boric acid in 332 g. of glycerol was g&ﬂed.

' (Tha ﬁorio acid had previously been dissolved in the
glycerél 5y gentle haating.f Then 155 ml. of 95% sulfuric
scld was added slewly; with coolihg. The contents of the
flask were mixed, connected’with a reflux condenser, |
heated over a free flame until the boiling point was
reached, and refluxed for twenty-four hours.

The hixture,was cooled, neubralizéd with 565 ce.
of 60% aodiﬁm hydroxide solution,‘and}ataam-distilled.

The distillate‘was extracted with ether; the éther was
dried and'removed‘by distillation, and the residue was
fractionated. The yleld of 6~fluoroquiholine, be.pe 126-6°C,
at a pressure of 30 mm., was 134 g. (92.0%)
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. Ozonization of 6~Fluoroguinoline:

F 03 COOH

N )
, HoO ’ 0
N (He02 T\, s000H
147.2 g. (1 mole) : 167.,1 g« (1 mole)

15 g. (0,102 mole) 2.5 g. (0,0150 mole)

% Yield = 020 = 14.77

A solution containing 15 g. (0,102 mole) of
g-fluoroquinoline in 200 cc. erGOmmebciai‘glaaial acetic
acid was aubjected*for farﬁyseight hours, at room temperature,
to - a stream of 9-10% ozonated oxygen flowing at 20 'liters
per hour. TUpon completidn‘of the run, the walls of ﬁhe '
reaction‘flagk were coated with{ﬁeﬁ ge of a‘light,yelléw'
solid, which, upon recryétaliization from hot water,
melted with decomposition at 190-1° C. and remelted at
| 225-6° C. (Quinolinic acid.) The yield wes 14.7%.
The ozonated solution was refluxed for two hours with
50 cc. of water and 20 g. cf‘50%'hgdrogéh perox1de. The
resulting solution was concehtrated byfevaporation and
made alkaline., Ether extraction ﬁieldeale.s ge OF .
unréacted 6=-fluoroguinoline. ‘An unidentified tarr&

materisl was also obtained.
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N; Preparation of 6~Fluero;8uﬁitroquinoline:

Fo
Puming \
N’ HNOg 4
147.2 g. (1 mole) 192.2 g. (1 mole)
150 g+ (1,02 moles) 40 g. (0.280 mole)

% Yield = 0:280  _ 20.4%
, 1.02 o
A 2-1iter flask was ﬁnargga‘with'660 mle of
fuming nitric acid (Sp.G. 1.5) aml 150 g. (1.02 molea)
of 6-fluoroquinolina, and the nixture refluxed for eighty
hours« It was then poured on ice and ﬁreated with
aqneous ammonia until just neutral to litmus. The
yellow flocculent pracipitata produced ‘was filterad to
yield 80 g. of erude product, which was repeatedly PO~
cryatallized frum 95% aleochol to yield 40 g of o
sufluoro~8~nitruquinoline, Mepe 117-8° Co Approximétely
40 g« of unreacted ﬁ-fluoroquinoline was redoveféd. ‘The
vield was 20,4%, based on the starting‘maﬁerialz 57448,
based on that which reaated. |
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0. Proparation of 6-Flu¢ro~8~Aminognindlinez

| ’ ¥
F Fe \
=C00
N i ¥
Nog o | e
192,2 g. (1L mole) 16242 g« (1 mole)

38 g. (0,197 mole) . 20.g. {0323 mole)

% Yield = . 0:125_ _ 62,50
0,197 '

In a 3-liter flask, 38 g. (0,197 mols) of
6~-fluoro-8nitroquinoline was dlssolved in 1000 ml, .of
50% aquecﬁs acetic acid, and 61 g. of finaly divided
powdered iron was slowly aaﬁad, with‘vigcfaus agitafion,”
over & period of two hours. The mixtura‘ﬁag warmed on
a steam bath,duringvthe addition of the iron powder and
was then heated for two additional hours. The entire
mixture was nade atrongly basle with socdium hydroxide
and was steam-distilled. A white flocculent solid
precipitatqﬁ from the.diatiilate‘ﬁpon:cddiing.’ The yield'
of 6»f1uoro~8~aminoquinoline,.m.p; 50-1° C., was 20 go
(6245%) | o
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Pe Ogonigzation of 6~Flucro48¢Amianaiﬁaiins:

CO0H
> COCH
N
. /
162.3 g. (1 mole)  167.1 g. (1 mola) |
4,0 g‘ (030247 lee) ' 1‘8 g. (000108 male)

%xmm - ..,Qmuw%ugg... = 4:5.7% -

'Y

N A solution containing 4¢0 g. (0‘024? mole)
ef 6»fluora»eaaminequinoline 1n 200 cc. of cemmercial
glacial acetic acid was subiected ‘for fcrty-eight hours,
at room temperpture, to a straam Of 9-10% ozonatad oxygen
flowing at 20 liters per haur. Upon ezanizaticn, the
solution darkened, but gradually turnad e light yellow
color at the end of the run" Yo solid material pre~:
cipitated during the nzoniﬁation.' The solvent was ,
 partislly vemoved underWVacuum, ard the remaining soluﬁiony
was refluxed for two hours with 10 ge of 30% hydrogen
pera#ide. Concentration by evaporation yielded 1.8 5; ‘
(43,7%) of a solid acid, which, after recrystallization
from hot water, melted with decomposition at 190«1° C. |
and remelted at 225-6° C.
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IV. THE OZONATOR

The ozonator (Fig. I) used in this investigation
was purchased from OZONE PROCESSES, ING., Philadelphia,
Pas The Ozonator, type T~12, wes desligned for operation
cn a 1l5-velt, 60=-cycle A, C, cireult. The transformer
within the steel shell possesses a voltage ratio,
primary to secondary, of 1:130, with 2 maximum secondary
voltage of approximétely 16,000 volts. To compensate for |
fluctuations in the line voltage, a variable‘voltage
transformer has been incorporsated 1ntd the primary circﬁit‘
The output voltage from the transformer 1s recorded on
a panel voltmeter. The ozonator is so constructed that
the voltage as indicated on the voltmeter should hever‘
be set abové 120 volts when operating on air, and 110
volts when operating on oxygen. A safety pressure switch
in series with the ozonator's primary'circuit opens the
circuit when the pressure inside the ozonator tank falls
below 3 pounds per square inch (gauge}a

Whenever the ozonator‘is in‘aperation, a flow
of water should be maintéined through the cooling jacket.
The ground terminal on the ozonator pénel‘must be
connected to a solid eleotriocal ground. The oxygen
pressure should be maintained at 8 pounds per square
inch by means of a sultable reducing valve preceding

the ozonator. .
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Figure I

The Ozonator
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The oxygen inlet valve 1s left open gnd the
gas flow réguléted by throttling the ozone outlet valve.
The flow is read directly from the rotometer on the panel
board. The rotometer has beeﬁ calibrated at 8 pounds
per square inch pressure,‘and readsvinvcubic feet per
minute. The ozonator also possesses an oxygen and an
ozone sampling valve, through which pxygen‘and ozone
may be bled during variéus stages of the run to determine

ozone concentration, moisture content, etc.

A, Purification Train

Before the oxygen was ozonlzed, 1t was passed
through a purificatipn train (Fig. II) in order to remove
all traces of moisture and’impurities. 'Thé oxygen was
supplied to the system from a cylinder (4), via a high
pressure reducing valve (B); Connected to the high
pressure reducing valve were three drying tbwera in
series, two containing anhydrous cal&ium'chioride (C, D),
end the third, anhydrous magnesium perchlorate (E).

The oxygen passed from the purification train
into the ozonator, where the pressure and the desired
flow were adjusted and recorded on the ozonator 8 low
pressure rotometer. Rubber tubing was first used for
connections in the purification train, but the ozone
eventually attacked the rubber, and tygon tubing was
found to be most desirable. A rapid stream of oxygen

was passed through the purification train for thirty
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Purification Train
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minutes beforé initial use in order to blow out all the

dust particles and to test for leaks.

B. Ozone Absorption Assembly -

~ The ozone produced by the ozonator (Fig. III)
was passed through a‘dry ice trap (@), and then led to
the reactlon vessel (H), which was aurroundeﬁ by a cooling
bath. Connected to the‘reaétion veasel was a condensing
tube surrounded by avetbne and dry ice (1), to trap any
volatile compounds or solvent escaping from the geaction |
vegsel. A third flask was connected In thia series to
absorb and make possible a determination of the amount
of' unreacted ozone which léff the reéction,flaak (J)e
A1l perts cafrying ozone were connected either by ground
glass joints or tygon tubing. An Ozon¢~destrbying unit
consisting of two 30-inch towers filled with 20% aqueous
sodium hydfoxida‘was connéctad in series (X, L). The
oxXygen 1eaving the systen waa‘then passed through a KI‘
solution (ﬂ) as a final indication of oompléte ozone
decomposition.

Ozone is s powerful irritant, and the maximum
’working concentration 1s 0.15 to l.O'parta per million
of aire. It wss therefore necessavy.to destroy any excess
ozone and to ventilate the room thoroughly. The entire
ozone ébsorption assémbly and the ozone destroying unit

were placed in an efficient hood.
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Figure II

Ozonization System

T\
’ J
Y
. l

Dry Ice Trap

Ozonization Flask

Dry Ic'e Trap

Outlet for Ozone Determination
Ozone Destroyer — Conc. NaOH Solution
Ozone Destroyer -Conc. NaOH Solution
KI Solution

—eh-



—44-

C. Adjusting Ozone Concentrations

‘The concentration of ozone in air or oxygen
6an be inereased or.decreased'by increasing or decreasing
~the voltage between the operating limits of about 70 volts
to’ilo volts when using oXygen, and 70 to 120 volté when
using air in the ozon&ﬁor. The concentration cén,be
further varied by decréaaing or 1neréasing the gas flow
through the ozonator, varying the témperature of the
veooling water, the ges pressure, or the dew poinf of the
gas. |

The meximum concentration obtainable depends
upon the cooling water‘bemperathre to a large extent,
with h%gher concentrations possible at lower cooling
water temperatures. Alr dryness and’equilibrium‘conﬁitibné
“4nside the ozonator are also of particular importance. |
For instance, if the glaéa tube inside the‘ozonatar is
exposed to atmospheric or improperly dried air and
subéequently operated with dry oxygen, it will take
36-48 hours to bring the ozonator to equilibrium conditions
and maximum output.
| - For these reasons, 1t4is deslirable to keep
ali condltions as constant as posasible. In goneral,
1t is not possible to calibrate the concentration or
output against voltage, even if the above conditions are
held seemingly constent, since other uncontrollable

conditions will cause variation. Thus, ozone concentrations
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are usually measured by bleeding off a small amount of
ozone during the time ozone passes into the material to

be treated.

De. ﬁeasuring Qzone Concentration

The azone,aanééétration 15 measured by sweeping
out the apparatus fog five minﬁtes with ozone, which 1s
led to the ozone,destrayér, Ozone is then led into the
reaetion'vessel containing a 5% solution of potassium
lodide. The time and flowmeter readings are recorded and
the resulting solution éaidifiedeith'le% sulfuric acid,
The free 1odine which is 1iberateu by the ozone 1s
titratad with a standardized 0.2 N scdium thioaulfata

solution with stareh as the indicator.
,‘520 + 2K + 0; =+ 2KH + 0, + I,

Such determinations may be made at different voltages and
rates of flow, and the data summarizea and plahtea to
glve epproximate time and flow relationships for eny
concentration of ozone desired.

When air is the source of oxygen, the exit gases
from the ozonator contain 1ower percentages of ozone than
when pure oxygen is used. The gases also contain small

amounts of'nitricfanhydride or nitrogeﬁ pentoxide, depending
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" on the voltage used. A decrease in the rate of flow
"1ncrea36a the smount of hitrogen péhtoxiae,,but‘éunh
amcﬁnts are relatively 1Gwignd need only be considered
5 when axamiﬁing a‘raaetion mixturé for small.amounﬁs of
7 bﬁapreducts, or«when“ﬁhé préaaneé of such oxides'cauaes
a qatalytia'effect‘on'tha bx£da£1cn#of‘the organic
compoundé in the-readtion‘:w

- Ozone eoncentration déberminationsaon tha T-iz
ozonator used in this work were made at a voltage of 110
‘ volta, the maximum voltage speeified for the use of oxygen,

~ and with varying rates of flow (July, 1947);« (See Table 1)

TABIE I
. TIME  ROTOMETER FLOW ﬁaésﬁog 0ZONE OZONE
(seconds) ~ READING (11ters7hr.) (602336 N) {g./hr) {volume %)
) (0 aan&of . o
60 0,00 .18" . 76m 2.6  9.8%
60 0,02 33+5 8.9 ml 3.0  6.2%
60 0.04 67  10.2ml 3.5 B2
60 - 0,08 13¢ 12,0 ml 4.1 1.9%

~

Tha‘préasure and coolingyﬁater‘temperéturés'were maintained
constant at 8 p.é.i. and 15° G, respectively, and the |
ozonator was operatéd for 48 hours to obtain equilibrium
conditions. The ozone oonéentrations were determined |

- again in May, 1949, at low flpw‘rates. (See plot on

following'page.)‘ A conslderable decrease in the ozone
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concentration was noted (9-10% to 4-5% %) under similar
operating conditions, “

The maximum ozone output designated by QZONE
PROCESSES, INC. is 20 mg. per liter or 4 g per hour at
é_flow‘rate of 200 liters per‘haur, This is a welght
percentage of 1}5% ozone. ‘The meximum concentration for
practical werking conditlons 1s about 60 mg.;@er'liter
‘or 1.0 g. per hour at a flow rate of 17 liters pef‘hour«
This corresponds to a welght canéentratien of 4.0%.
. Higher cnncentrations can be obtained, a8 shown abova,

unﬂer optimum conditionaa
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V. DISCUSSION OF BESULTS

Ozonization of Quinoline:

Concentrations of guinoline varying up to
20% were subjected to a stream of (8~10%) ozonated
oxygen at flow rates from 30 to 80 1iters per hcur.
Dry ethyl acetate or g&acial acetic acid were useﬁ
as the solvent with cnmparable SUCCesS. By aystematic
titration of the effluent gases 1t was found that at
low flow ratea one mole of ozone was readily fixed,
whereupon further additinn af ozone to form a di-
ozonide was eensiderably slower. The curve obtained
bj plotting timé vs. ozone concentration flattens
when ozone is no longer absorbed by the réacting
solution.

In all cases the ozonide formed was un-
usually stable, reaiatiﬁg déenmpositian, even under
drastic conditiana,'by reagents commonly employed.
for decomposing ozonides, such as water, steam,
concentrated sodiumﬁhjdroxide solutions, concentrated
hydrochloric acid, glaqiai acetic acid and zinc;
stannous chloride and hydroechloric aecid, 30% hydrogan
peroxide, and concentrated nitric acid. Traces of
quinolinic mcid were isolated only in the last two

cases, as well as'upon low pressure catalytic
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hydrogenation with 5% palladium on charcoal and
‘subsequent treatment wiih 30% hydrogen peroxide;'»
The addition compound,'upcn‘ateam alstillation in;u
a basic solution, did not produce any unraaeted 'ﬂ
quinoline. Attempts to distill the compound under
low prassurea failed, the prepan&eranaa of the }~
materlal forming a tar, while, to a 1esser extent,
;quinoline and ozone were regenerated. Tha ozone
was detected by the formation of a aodium hydroxide
czonate, which reaulhs from the action of ozone on
solid sodium hydroxide and whieh liberates oxygen
when placed in sn acid aolution.

Temperature effects upon the ozunizaticn
of quinoline were not critical, and successful ozon-
izations were conducted between 0° and 70° Cc. Host
of the ozoniaatian regetions involving quinoline |
wore conducted at roonm temperatura, due to convenience.

One may postulate that the ozone should |
attack the benzene nucleu&, a8 the ring nitrogen 15
capable of exhibiting a -T effect, decreaaing tha
electron density of tha pyridine ring and thus, 1n
ocmpariéon, Inereasing the electron denéity in the
benzene ring. Likewise, during acid oiidation of

quinoline, this -~T effect is strong and quinolinic
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acid is the main product. However, lack of desired
,product andfincompleté identification of the ozonide

‘results in failure to substantiate any postulation.

Ozonization of 8~Hvdroxvquinoline*

Solutions ccnsisting of 8-hydroxyquinoline
in ethyl acetate and glaeial acetlc acid were ozonized :
under variouS*copditlons. Glacial acetic acid appeared
to’give the best fesults and, in'ggneral; Was the;ﬁost
‘sultable. The ozonization proceeded niéely at room
 température, but a cooling bath was needed when large
rquantities (14) mole) of B-hydroxyqninoline was ozonized
‘at one time, due to heat evolved by partial decomposition
vof,the ozonide in solution, reaulting from traces of
‘ﬁéﬁe'r; Yields of quinolinic acid as high as 30-40%
were obtained from the reaction solution by such de-
~composition. |
. | Ozone concentrations of 10% were most effective
but suitable ozonizations were conducted using as low
 as 2-3% ozone, by extending the ozonization time.
The<ozonization,reaction and‘the end point can readily
be followed by systematic titration of the effluent
‘ggées. ‘Ozone‘is'addedeuantitatively during the (PQ48)
_reaction of a large part of. the firstfdpublé bohd,}‘
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but‘then the reaction rate decreases. and the remain-
ing addition 13 alcw and not quantiﬁative.

; QOzone oxidation of 8~hydroxyqpinoline ,
ecnsiﬁﬁently’gave 90-95% y;el&s of quinolinic acid.
The ozanida, in contrast to ﬁhat of quineline;‘waa 
very reactive and could be eleaved by both hydregen
peroxide and water. PBecause it gave a cleaner,
faclle reaction, hydrogen perexida in acid aolution
was consistently used 1n‘praferanca to hot water* '
Decampasition, in every case, could be aacbmplished
merely by treatment with hot‘water, but the reactidn
waa‘slower,with yields of approximately 70%.

. The effect of the strong electronééonating‘,
hydroxyl group on the bénzehe;nucleus and the =T
effect éxhibited by the ring nitrogen uncioubtadiy
plaoes a high eleetron density on the benzena nu&leus.
Thua tha azonization procaedad readily, wifh attack
on tha benzen& nucleus, until the first double bond
had reacted, Then a slight hindering effect could

be observed by the hydroxyl group, as ozone adds
leas\readily to a carbon-carbon double bbnd'whiqh
possess other substituents than an unsubstituted
carbonwcarban double bond. MHowever, the presence of
the hydroxyl groﬁp resulted in a very desirable
decrease in the stablility of the résulting ozonide,
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to a point where the ozonide could be readily de-
composed by either hydrogen peroxide or water to

glve good yields oquuinélinie'acid.:

Ozonization of Isoquinolines

onneMadded‘relatively'alowly to isoquinoline,
forming diozonides. The diozonide formed by tho attack
of ozons on the benzene hgcleua was reactive in qomé
pariéon withvthe'unsubgtituted qginaline diozonide,
deccmpeaing:directly, in solution, to yield cinch~
omerénic‘aéid, 1f small amounts of'water weré piesent.
Treatment of tha ramaining ozonatad solutien with -
30% hydrogen peroxide yielded phthalic acid and small
amounts of cinehomaronic,acid, indicating that, in
marked contraat to its action on'quinoline, Gzone
attacked both ‘the benzene and pyridine rings.

The ease of &ecampositicn of the isoquinoline
diozonide in-which the ozone has attacked the benzene
nucleus is difficult ﬁb explain, 1n compafison to'the
stability cf the gquinoline diozaniée or the ozonide
resulting from the attack cf ozone on the pyridine
~nualeus of 1soqu1naline. Howaver, the carbon-carbon
' double bond is known to react with ozone more readily'

than the carbon-nitrogen double bond, and the ring
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nitrogen is7capable df ékhibiting é_-éT:effect,‘wniéh‘
: tends, in comparison, to lncrease the eleetron density
- of the benzene nucleus, making ozone attaek mest

‘likely on the benzene nucleus (A) The possibility;

’of the‘formafiqn of a dionpniﬁe on the pyridine
5 nucleunn(ﬁ) ig‘tnenefore nbt asv1iké1y‘as a mqno~
 026nidég(C);fwhich\nould alsnnbé,mdre'stable‘ﬁhgn
the diozonide and possibly would not dsconposs in
solutionnbyhmene'qcntacﬁ‘wiﬁhhﬁatarNJ,AsVésinndkSO%
yields.of,QpinOIine,nnd'phthnlic acids,‘reSpectively,”
 have been obtained, it appears that the,QnT'efféct~
of tne‘nitrbgen‘is small and‘that‘the ele6tron
:density on the two rings is comparable, resulting
©in equal initial attack of ozone on both rings.
Conditions investigated indlcated that.,
ozonization ot isoduinoline in acetic acid.containing
small amounts of water, at room temperaﬁure,'using
high ozone concentrations (10%) 5 yields the best

results and is the easiest means of separation, since
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fcinchameronie acid7preaipitétes from‘the reacting
'salution. ﬁdditional ainchcmeranic acid and phthalic
acid are ebtained hy traating the reactlon solution

witn hydragan peraxide.

| szan;zation,of~other ouinoline Derivativas:” o

Quinoline derivat&ves bearing ons or more
[ substituenta in the benzene ring added oaone less
resdily than qnineline 1tself, particularly 1f the
substituanta were electronnwitharawing 1n nature. )
411 gave quinolinic acid as the only 1dent1fiable
product, in poor yield if the aubstitu&nta viere
electrcn—withdrawin@, 1n pood yield if they were
electrnnureleasing, 6~amino-, 6~f1ucrq«8~amino~,
' 6-fluoro-, and 6-nitro-quinoline ylelded 65?;44;
15, and Gﬁ‘gﬁinoiinig acid, respectively, (Térry
‘oxidaﬁion products were alao’forméd, aﬁd, in the
last two cases, almost half of the quinolines were
‘recovered unchanged. | , |
The’facﬁ;thét_qﬁinolinic acid was the onlyl
identifiableiproduot in the ozonizatlon of 6»nitrq~ 
quinolinemmﬁvquité unGXpecteﬁ} One woﬁld anticipate
obtaining some nitrophthalic aéid, as the strong

electron-withdrawing nitro group should counteract
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the ~5T}ef$ect of the ring nitrogen, thus increasing
the;sléetfcn density of the p?fidiné‘ring, or at
iéasﬁ‘aqualizing- the two rings, Ho%evér, ‘a’llA“o‘f
,these‘reauifs substantiate thé:gbservatiOn théﬁvtha4
pyridinsAring in quinoline is much more resistant

to oxidation then the benzene ring.

‘-'vz;"'sﬁaaﬁsmxaﬁsﬂﬁoﬂ FUTURE WORE

A. Completicn of Wark started»' o
' ‘Proposed auggaations for exh&naiom of

work already started,are as followa:

Ozonization of Acridine: The continued study of the

ozanization ef acrid*na and 3ta ﬁubatitutea derivatives.

) &cridina possesses four dcubie=bcnds canable
of'béing'ozonated,'and therefore présents an interesting
’problem in tha_proﬁuction and iéolaﬁion of secridinic |
acid and pyridine-tetracarboxylic‘aoiﬂ or pyridine»»
triearboxylio acid, the former being prepared by the
‘controlled ozcnization of substituted acridinas and
the latter by the complete onnization of acridine.
Prelinminary uncpntrolled‘éxperimenta ih this fiaiﬁ,
have ylelded small amounts of acridinic acid, while
the more promising ozonization cf‘sﬁbstituted éaridinas

has not been investigated.
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Vapor Phase Ozonizatlon: The study of the feasibility
\bf vapor phaga‘azeﬁizations of(#dlééila'bléfineﬂ; |

‘Vapar phase oién&zatioﬁs show'prcmise ﬂﬁa
to their eliwination of sel&cting suitable solvents,
,wsrkzng at low temparatures, isolation and handling
of exploaxve ozpnmdes, and also bacauaa of their
'ﬁossible commerciel application to a continuous
process. ‘ o ,’ | | o

It haa4beén found~ﬁhat ozone (5%) is not

‘decomposed by paaaing iﬁ'thraﬁgh pyrex glass equlp-
~ment at temperaturea as high as 180° Ces or by |
hubbling it throu&h water. ﬁowever, ozone passed
'1ntartha vapors of 2~-methyl-l-butene dr,z&methy1~ o
1Qpentene, urdef raflui, com?ieteiﬁ réacteaﬁ"ﬁy -
extracting the salutian with water and ﬁreating the
”aqueoua axtract with dilute hydrogen peroxide, the
presence of butannne anﬂ pentanone«~g were qnalitatively
| established,by,theyformatian of their corresponding
d,éo&initrophenylhydrazonea.‘ 1t thus éppears thnt
’volafile olefins may be ozonated 1n their vepor state.
However, good ylelds, isolation of deslred praducts,
and effaétive’Vapor phese equipment, along with :
investi;atians on ozone equilibrium and extent of
ozone deccmposition in the presence of organic vapors

are 1mportant prablams to be investigated. ‘
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Ba._ Work Contemplated but~ﬂct.$ﬁarteﬁ:f

. Gzonization of $ubatifuted auinoliﬂes¢

| The preparatian of substitubted annalinic
aclds might raa&ily be aaccmplished by the czone
oxidation of quinoline with substituents in both

the benzene and pyﬁidihe nﬁcleus. - in example‘WQuld ‘
‘be the preparaticn of ﬁufluoquuinolinic acid by

the ozone oxidation of 2ufluora~8~hyﬁraxyquinoline.

Studv af the Erf@ct of Maivture on Ozmn@ Qxidatinns:

~ It has been observed bv this 1nvest3gator
_and others that‘the pr&sancekof small amounts of
water has varying effecta'ﬁpnn ozonization rates.

: In 8 ome 1nstanées, ﬁh@ rate of reactianvia CONe
,siderably decreased, an& in others, the caonide is
partially decumposed, directly yiel&ing various -
‘beidaticn products, Sncn solvents as acatia acid
and ethyl aeetata, which are miscible with.water, ‘
“show this phenomenan and would ba the most deeirable

 fbr future stu&y.‘

“Ozonization‘qf Acety;ene Doerivatives:

Limited research has been done on the
ozonization of acetylene derivatives. Ozone attacks

the triple bond to form an ozonide, which, when cleaved,
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yields diketones, o~keto aldehydes, or the corres-
ponding o~~keto acids.

Q
. 0 g o : HioO _
R=CEC~R? S 4 ReguC-R! 2 # R-C-C-R!
o . i ) .
0-0 00

This appears to be a valuable and unexploited
method of obtalning eo¢-diketone compounds.

VIl. SUSMARY

Quinolinic acid was prepafed in 90-95%
yields by the czcne oxldation of Buhydroxyquiholine
and the subsequent cleavage of the resulting diozonide.
with hydrogen peroxide, while cinchomeronic acid was
prepared in 45% ylelds by similar treatment of iso~
quinoline. ’Quianina produced a stable ozonide which
was resistant to oxldative and reductive cleavage,
yielding'only tares.

A study was made of the effect of various
substituents on the ozone oxidation of substituted
quinolines. Quinoline defivatives bearing one or

more substituents in the benzene ring added ozone less
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rapidly than quinoline itself, particularly if the
substituents were,électrcn;withdrawihg in nature.
All gave quinolinic acid;aa the'only idantifiable‘
product, in poor‘yia1d‘if the subatituents were
_eleétfou»withﬁrawingg 1n‘go¢d yield if they were
electron-releasinge

, The following cgmpouhds wére prepared and
ozonated in 6,15, 65,,andvé4ﬁ yieids, respectively:
Cénnitrbéﬁinoline,}6§f1u0f0qninoiine, 6~aﬁiﬁ°quih¢liné,

“and 6-fluoro-8-aminoquinoline.
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PART II

THE PREPARATION OF FLUORINE-CONTAINING
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o Ghemotherapeuhic Agentai

'l Davelopment of Ghemutherggx‘, The u&e

t;of chemiaal agants in thﬂ treatment of infectioua
f;diaeaaes 13 knawn as ch@motherapy. From ﬁhe tims
ifﬁhrlidh first 1aid the founﬁations af mmdern chemo~ S
;;therapy, hE emphasizad thﬁ impartance af attempting

 to determine the mechanism of aaticn of chemotherapeutiaj
f;agants¢; Ha beliaved that by thorough, planned research,‘
afspecific druga oould ba synthasized which would attack E
.‘and kill Speaifie organlsms, and that eventually, “’  ” 
’fthreugh a aystematic approaeh, the ahﬁmiﬁt could rid .
l the world of all major infectiaua diaeasea. »fﬁf‘fﬁ

The firat chemotherapautic agents ware

i natura11y~occugr1ng products;i In 1630 tha use ef
%{cinchona bark was 1nst1tuted 1n the treatment of
T;malaria« Two centuries later, the alkaloid,qninine,

; tha first specific drug to be used 1n an 1n£ectioua

;‘disease, was 1solated from the bark,, Later, morphine”fﬁ

fiwas isolated from opium, and emaﬁine from ipecac.'y' i
flThe 1atter was first employed 1n India aa an effeétive
5ﬁaymptomatic treatmént far certain typea of dysentery. 3,
o In 1916, Ehrlich announceﬁ the praparation v

'fof arSphenaminﬁl, hia 606th compound, davelopea as an
*1ant1*839hilitic drug.ﬁ The 1mportanca of araphenamine  ,
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fiand subsequent drugs in the aura of syphilis cannoti;
jﬁba everastimated”Lnﬂbt anly was thia ﬂisccvery a e
iftriumph of year& of aystematic pharmacalwgical |
ifrasearch, but it rapreaented,the firat baotariei&alfﬁ
‘tdrug with a definita speaiflaity fcr an invading

;}pathogena;jv 
i xn 19&6, Young synthesized and showed tha;.
iﬁuaa of mercurochrﬁme aa an antisaptla agent. As _ﬁ
LfEhrlicn,had unitad araenic to earbon in the pre-if ¥*
5paration of arsphanamina, Xoung attaeheﬁ mercury toi?

Ta dye molecule¢ It was hoped that this aompound

- would aarve as the graat tharapeutia aherilizingi}jf
jﬁagent, "Magna Therapia Sterilisana". which Ehrlich
){had predicteﬁ would saon be aynthasized. ?hrlich
9fpleaded fov a drug which would sterilize tha blaod

Ewhan infected with streptuea» 1"

ar staphylecacei,

;fjust as arsphenemine had killa t°e;apirocnetes.‘¥3j

:;fi In 19¢v, nohme and Go=workers developed

 the use of haxylresorcinol. It was’shown that by}f?

i’the 1ntroduction of alkyl grouyﬁ.at pesition "4“'?ﬁ2?
:in the resorcinol molecula, thﬁ:garmiaidal value of f
.1the compound coulﬂ be enhanced.t Further, tha germ~x‘
yiicidal capacity of the acmpound appaared to incfa;éé;
‘;with,the number of carbon atoms in tha alkyl side -3
j cha1n.l A max&mum was obtained at aix, and hence {

the use of hexylresareinol,'~9”‘
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e Tha nexb significant a&vanna in this fieldi
{fwaa in 1@&5, when aephara nemagkfs mmmertax pape 4

ifapPearea in a Garman alinieal jaurnal, rﬁ&arﬁing th@i

;Fuss of certain sulfonated dyes in tha treatmeniﬂo

‘fstraptocuecal 3ept1¢emias.. He round that ﬁhﬁ ﬁya_ﬂfﬁ
{prcntoail anﬂ neOprﬁnteail were broken ﬁcwn 1n tha

Jbody anﬁ excreteﬁ 1n the rine, partially as aulfaufg

gnilamida. This substanee tﬁﬁs mada ita adven% 1nto£f
{m@dicine. sulfanilamide, a simplaﬁfccmparatively B
fnon-faxic organin compound; haral&eﬂ a new era 1n .
fthe treatment of infectious disaaaes, Rapiﬁly tneraf
fﬁfallowed the synthases Qf thauaands nf aulfanilamidefi
;idarivatives, and ta&ay we hava 1n clinical uaage such
,important ant1~infect1va drugs aa sulfathiazole,

isulfamerozine, and sulfaphthalidina¢

Another 1mportant aavance in the field of
f dhenotherapy waa tha develepment of synthatic anti-c,

?malarial drups. Na aubshantial wﬁvanca was mada from
“this approach until 19&6, hen Schulemann an& o-workers

fbegan their modificationfor thﬁ methylene hlue m°le°“16’

fand eventually succeeded in preparing Plasmoquina3u fAnffwf;f{
fextension of theae studiea led to the development of o
3fAtabrine4 1n 1930.

o wtn the establishment in 1041 of & research
‘program under the auapices of the Gommittee on ﬁedieal



fﬁeaaaruh af the Offica af Scientific Hesearah and

;fﬂevel@pment, a ayatamat&c approach ta the synihasie %

{fOf &ntimalariala tQOKAplaﬁe ia thﬁ ﬂnitad statas.’ﬂ}%

%f31nca 1941, mare thau 14,600 aampcunds hava been 2
siscreened for antimalarial aetivity by 3ritiah and:
;;american 1nvest1gaﬁara.§ of ﬁhaae eampounﬁs ﬂtuﬂi
 ”"Hlaaat two, have eatablﬁahea a placa 1n tharaﬁys

chey are 6hlormquine anﬁ Paluﬂriﬁe¢ f

-g Develapment af Antibiotics.jﬂﬁacteriuéf

iolagisﬁs hava racognized fcr many yaara thaﬁ a grQan

:ﬁing culture af an organism may, undﬁr aertain.aonditianai?ﬂ

‘ﬂelaborate a substanae whioh 15 inhibitory to a differanti'f_
zfstrain of miorocrganiama* In modarn tarminolagy thﬂ |
fword ”antibiatic“ has bean emplcyed ta designate a |
:2subatanae, produced by cr dariveﬁ from living cmlla,xg
iwhich has a powenful 1atha1 or 1ﬂhibitory achion on 5
;Emicrocrganisms, and is eapaaially appliaable to thoaa
'3substances prodnaad by living baateria, yeaats, mnlds,
1Eand other planta" o

In recenhbyears a number of ystematie

?ﬁstudies have been made to detarmine the distribution

;Iof antibiotic aubstancaa in nature. Antibiotics 2
hfhave been commanly founﬁ tc ba present in many natural
_fonma or animal and plant asaociatioms, but th@ir 7

7iisolation and purification is difricult.'d
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{ exan&e fFlemiﬁg in 1968 absar?ed a eon~{f f

: fla culture plate af staphylococai by

5fsgarea af a apaaies cf’penicillium . Fram thisvf

ijebservatian he suspea%e that bhe fungus elabaratad <

a material antaganiatic tp tha;growth and developmentfﬂ

’;or the staphylocoacus crganismlAl ‘eming demqnstratedf
flﬁnat hbe acntaminating mold aauld,bé”grcwn in apecial}i
' med1a anﬂ that the eulture broth aontained a potent -
‘,autibaaterial aubatance.t Tha mat@rial was shawn to f!
gbe cffaetiva against a variety of gramgpaaitive s
fforganisma and to ba non~toxic to an&mals. Fleming

,?gave the name penieillin ta this antibictic.?fAf

Sy Sinaa thia disasvery, many athar pramising f
kantibiotiea hava been investigated anﬁ clinically
f'testea. Sﬁreptomyein was diaeover@d by Vaksman in
‘ 1943, anﬁ 1s active againat gram»negativa arganisma.if;
? Ghloromycetin was diacovered in 1947 by Burkhalderlo’;;

iand is active againat Rocky Mcuntain SPOtﬁ@d fever,

Qrickettsia, typhua, and typhcid fever.gfhnother
: imp0rtant racant antibiobic is Auveomyeinll, which

fis effective against varieua virusas.



e

3§5ﬁ'gxaialag;cal Agants
'1?;1. Gurareuiyps Campeunds

AF”~ ¢_,_%7 Gnrariform Activity ana Lhﬁmiaai *trﬁcture{
Gurara haa bean known far many years te }
cause mnseular paralysi« when injected inte froga

‘and mammals. Thia material had'been brought from

;South Amarica tc Europa in amall quantities by

exylorers, and was known to hav raen prepaned by the ﬁ:

natives 1n tha fcrm of aquaous axtracta and concen*-r%3

tratee for usa as an arro_ poiaon‘@

The phyeiolcgieal affacﬁ“of_aurara haa

ibeen fnund;to‘hav” uaefu1 applicationtﬁin:surgery

}anﬂ 1n the traatmantvof spaatic and other paralytic
'conditians,f Bernard in 1844 first desoribad hhe

flocation Of the physialogie&l action of aur&ra aa
;baing at the Junctiona of the nervga and musales‘if ﬂﬁ§
;The paralytic action af curare 13& ta 1ts early inQ .
'vmstigation in aausing relaxation of muaulea in such
‘convulsive conditiona an epilepay, rabies, tetanua,‘iA
fatrychnine poiaoninga ana Various ties.; The non-fﬁij;f
hqmogeneity of the cruda curare preparations made ”N_v
'physiolagical investigation and clinical use éifficult;
\with the resulﬁ that a large numbev of synthatic anﬂ
.naturallyooccurring organio acmpounda have been ‘

;atudied which have physiological effects similar to,
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falthough in praetieally‘all eaaes 1aas intanse bhan,;f

fthﬁ aetiva matarials prasant in the Original auﬁn

Wﬁmerican eurare‘;%?,

It ls gensrally agraea thab the curara

s in som"

fanner, of tha  ;~

;transfar af impulses from”the nerv& toitha musala wj f

iat tha myoneural junetionﬁy Th@ mcatQiidaly acceptedif

fthemry for the‘machani ; f”nauromusculav transmissien
iis tha 9cetylchcline theary; which states thab an j;ﬂ 
?impulae fr@m the nerve eauaasthe formatian of acetyl—,
f’choline, wmon in turn causes stimul&tiozx Qf ‘the. ;‘[_,’;;;:"f;g;
imuacle.v The acetylcholine rormed by eaeh imnulse is

 qu1akly hydrclyzed hy cholineaterase, and thﬁ proeaaa,

:which takﬁa plaae at tha myoneural juncticn, is re~ ;j

 peabed for each impulae of the nerve. Hoaenblueth

1

Cand ca-workera postulated that thara is a ranga of

7concantration nf aeetyloholine ta which ths muscle ’3i

Jreaponds.‘ Response by the:musala do@a not coaur ifyxi’ N

.tha concentration 18 belaw?tha “thraanald of excit tionﬂ”if”

 0? abeve the ”upper paralytia boundary” | This poétﬁiabaklff
fexplains why‘the 1n19ction of acetylcholina or drugs

éthat are. known to 1nh1b1t tha aotion of cholineatarasa
;causa curare~liha paralyais, aince tha acetylcholine

'would be presant in concantrationa above the upper

‘paralytie boundary¢} Becausa curara dces not 1nterfare



;’with t&a liberation cf aaa&y"hﬁlﬁne ana dees not
finhiwit tha aatian uf ahaliwest&raaa, th&y beliavedfﬁ5

Lfthat tnﬁ &ctzan eL.aurarﬁ'waa Dna cf raiaing tha

i;thrashold af ax@it&t& n ﬁﬁhﬁ mua&l&.k i%ma, it

;13 p@stulataﬁ that”‘lthaugh th Jﬁﬁnm }amaunt cf"

}{asabylnhalinsxis‘pre&uced by&bhﬁ?impu1$@ from th w,7f7
fnarva, it 1s nmt anmugn to ‘cause: raapena& by th@
Qmusuleg

Tha peripharal paralyaia ﬁus tg curara,“du

f:_bccuz*ﬁ m a aerms.m mﬂex*. 50 that-_"m’fimt ﬁigzaaf;;f"

of curare Wi%ﬂmﬁ are dmm&ng of 1 the 'e'yelms, Sy

’drowainaaa. loss of apeaah, aﬂﬁ paralyaia of tha‘}

w5neek musal@a.;imhe axtremiti aﬁare then affact@da“wf,5

“iwhiah pradueea a trum eu ariform actien han nc':a
}effaat on tha cenﬁrml narvaua ayatem mr »hz heert
’  1axa$ are d miniahad but not ahaliahﬁ&, andia : |
'fparalyzcd muaclé raturna to 1ta narmnl atate withautﬂ
sthawing any harmful effacts. Th&t deaﬁh accurs from
9;rasp1ratory failure before oﬁher toxic manifaatationa

fare aoted haa ba@n shown by giving doga up to fifty

{'timos fhe or&inary lathal dosa or a curarﬁ praparation,iﬁjgi

~-without fatalib , by maintaining artificial raspiratiau.f_zg
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"“‘f:Thrae g@neralﬂt;pas of curare activity*ﬁﬁ&f

1attributed to thﬁvaetign mf qu&taﬁnary ammonium

Gl

fcompauﬂda_‘rj_curare‘éetian,‘muﬁcarinic actibm,ﬁ$ ;$ 
¥nicotinic action‘“ﬁ

 M >;"‘ .‘ﬂ mnac&finic aetion ia on& af direct e
*stimulatian cf 9muath mnsclas, whieh 15 manifeat in M
jmammals by alowing cf the naartbeat, depression of k

{the bloc& prasaure, vaaoﬁilation, miosis, bronch*al
gaonstriation, s&livation, and awaabing. Renahaw anﬁ

?Huntl4 usad as a ariterion for musearinin activity

;the produckion of a fall in hlood preaaura* which ,

was prevented by atropina, Lhﬂ latfeﬂ being a apecifiaf,fﬂf;ff
'antagonisc to muaaarinic activity.£;4jgf4@ *,*f‘{ o

_‘;  . A nicotinic action conaiats nf L primary;

 trana1ant stimulation and a aacondary, mara parsistenﬁi;fly"ff

}depresaion of all sympathetic and paraaympathatic

fganglia. mhua, the first signs of a nicctinic aution ;fﬁi‘

?are a rine in blood preesure due to vaﬁomotor paralysis‘ ;Tjﬁf

fIn the stage of paralysia, nicatine thu:;manifeats' 

*a curara»lika paralysis which largﬁly erplaina the

ffaet that daath from nicotine 13 dua ta reapiratory
%failure.wq 

o ’ | Since the active curare alkaloids wera

’Quaternary aalts, many qnaternary campounds have heen;:f;ffif

investigated, and 1t haa been found that quaternary
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ammanium, sulfonium, phoBPnonium’ ﬁ?ﬁmninmfamgv"“““ﬂ

ratibonium salts aJl posaess aurara activity. f

'allicf thas@ anium,ions azhibit eurarifnrm acﬁlvity

;to aoma axt&nﬁ, the quatarnary ammonium combounds- :

L”aikylammanium,‘ﬁhe aryialkylammaninm, th‘ineteraﬂalyk_ﬁ

icyclia ammonium, anﬁéﬁha\alk&lﬂidann ara moat effective.xlf

Eizn ganaral, all af the R4§ tatralzylammonium‘%ﬁ;

§salta _ossesa curare aativity. Tatramethyl~ and

R Bl ﬁ - Gﬁq

:trimathylammonium aalts h&ve vary ’ronounced curare V

;achlonsg a maximum effaativaness in tha trimethyl~~@;~

[alkyl sari&a being:r ache& with tha butyl and amyl

15

d»rivativas Polymethylena bis quatarnary ammonium

‘aalts paaseaa activity,‘especially Whan R Gﬁg and

7?{3L?;9?33?hff3;f73$"“f 

n=2, as do ‘a'e:‘»’ivaéxvé'siif;g;fzj(‘;hgigm?,j and neurinel®,

f HO"CEaCme‘G & 51‘ ; OBy = OBN{GH,) 5 "

SR Cholime®t T 3 Newsne



fﬂnsaturatea counaunﬁs of tne””aurin**t;pa in genaral
 peaae5$ mnre affectiva physiclcgical prapmrtias, but
fare usually more toxie than ﬁhe carrﬁsponding saturataé
tcampaunds.  ;

X "'~‘ Aryltrialkyl&mmenium compounﬁa exhibit :;

fmuscarinic, nicotinmc, and weak eurare aationﬁ. ”he
ireplacameut Gf an alkyl group an a quaternary nitrogen;

)with an aryl grnup radnaes the aurara activity._?ﬁﬁ‘“f

"’,':%na alkylpyridinium aalﬁs poaseaa weakff;]LF

~ourara activity, 1n some caaea marke& mnaaarinicfj,% .

factivify, ana in g&n&ral, no nicotinic activity;;:aﬂ

fwha benzyl pyr«dinium aelt 13 Lhe moeb effeetive of; ?

ﬁthﬁ pyridins derivative The @thyl ana propyl~¥gfﬂfﬁ

?pyridinium selts are 1ess effective thantwha methyl ;
gderivatives. The isaamyl and cetyl derivativea have |
?an acfion aowparabla to the methyl &erivativas.g ﬂe~x*
;duction of the ring tu the corresponding piparidinium

.fccmpounda usually increases the ourar@ action and
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;raduaeavthe mus carinicaﬁn& nicotinic actions and

ﬂ” f’The aetiva%conotituants a’ﬁ cuth American‘ﬁ

JOurare»ara quafernary alkalaids.:;The tart¢ary

 alka.o1ds have a very weak or nc naralyzxng actiun,;

;but beaama very &ff&cﬁive upnfﬂconversion ta tne

ﬁquahernary basaa. ctive aurara,'fj“fw  j§f’~ }f;vp;

ibeen’prepar&d by forming thﬁ , éiégﬁéﬁﬁiﬁéitéfﬂffffjﬁ

iErthrina alkalmid, qnlnina,gand cinchonina. 5

33b e#uﬁlyaarol Ftharsni

! 1nvtha paat
51ittle attention has b,

“ ,bhe pharmacmlogical

f@roperties Of;’,(«subatituted ethava of glyaarol.; g,
;Inﬁ1910 Gilbert and Desecmpa%g 1nvestigated unphanoxywﬁ -

fproganwl, adicl and obs$rv$d~bhat 1& cauaed tranaient lr

tparalysis in &uin@ﬂ pigs andyrabbita and a sharp but

Qtranaienb fall of budy tsmparature in do&s.. The

f"French authora alac répurted the resulta of pre-

5ilim1nary clinical triala and recommendeﬂ the substance?ﬁ}ﬁﬂ"k

Ras an antipYretic and analgesic.

available under the name of "Antodyne"zo Bﬂvﬁ’er

fand Bradleygl 22 inveatigatea tha pharmacalogical ;faﬁ

“?It was commercially =




eBle

«fproparti@ﬂ Qf a 1arga number af aimplﬁ mﬂno&thﬁrs T

{f@f glyoerol ana found that cartain af thaae aampouﬁﬁﬁdi

ifpassessed a;paaulia& eentral ﬂepr@aa' h<action~~ Thay ?

ft‘ﬁyanaai';‘5~(2*~mathyr‘phﬁn¢xy) propanmf
i;1,¢~d101, bhﬁ meat auitabla anﬁ tha saf@at campaunﬁ Sk
ifef tha seriaa, may be uaeful 1n thﬁ traatment of

;7suggaatsﬁ;ﬁ

_fﬂpaatic anﬂ hyparkinetia atatea anﬁ fﬁr tha produutian;
 5¢? muscular ralnxation during anaasthasia_:L“af,_m,, :

The &uration of par&lya&s ia r&latively

;;short, buﬁ repaated doaes show naxaumulativa effeaba,'“

| m‘ therapautically

1fan& talaranca 13 nat built up*

Jﬁeffactiva aoﬁaa, thgrs has been no ﬁviaanca of ﬁuxlc

;ﬁaffacts mn any orgﬂn of tha boay. ﬁyanaain haatwéllﬁj}
,fmark@d advantages avar nurare in aartaan &Pvliﬁmtiona,f
tfhaving a mnah greatar m&rgin of a&fety ana bring;ng ?t

cgabout ralaxation with dgstreas‘: It ia much more

f'effaetivw with baﬁbiturata anaaathasia than curara, f
,»apparently enhanaing tha aatian or tha barhiturates.vif

Bergargﬁ raparka %hat m@ny subatancea Of

”ithe.atruntura R~0~Gﬁz~cﬁﬁﬁ~6ﬁgoﬁ produceﬁ tranﬁient ;fﬁ
;fmuscular relmxation and paralysia. ﬁhesa arfauts .

Aiwera due to a ﬁepreaaant uatian nn tha central o
;fnarvoua aystem and partioularly cn the spinal covd. ;i?
?fTh@ paralyzing action waa atrongaat when F was a e

zbenzans nualeua aubstitutad 1n the orhho position



 With e Bmﬁll &1kyl orialkaxy graup ur uhlarina.ﬁw&

‘;fiay eﬁla 1n meta or para paﬂiﬁian %,

,were lesa activa th&n tha ortha 1aomeraf

"The prasemza ;

gof a hjdroxy, aminoj amidc, eater or hyiraxyalkyl

igroup or multiple ubsﬁitution 1n th@ ring with alkyls,f

 halogens, or both,“dscraasad paralyzing activity. Whanf

@H waa an aliphatic ,adical, atrmight chain alkyls con-.
ftributed more to the paralyzing aativity than the ‘ o

fbranchﬁd chain 1somera or unaaturated raﬂieal%.a ?ha
1n~amy1 ethar was the most yetenﬁ compounﬁ af the _
“aliphatic series,} Metnyl subatitutian on tha Cd atom,;?
,of the glyceryl aide chain did nat materially alk@r .
fparalyzing aativity, but aubatitution nf tha C aton’

, 1. S
.decreased aetivity. Compounds posseasing tha structure

*;fﬁ»s-cﬂgmcmmozx Off or R-30, ..cm caemc& 0f also hava
rparalyzing accivity, but w@ra more taxic than the ‘ }
1oxygan ethera.- Gompounds of the atructura aryl~O~GH2
 CHOH-OR goﬁ and aryJ.uSuczi 3~craozz-czxaon inera&sed‘. ‘the
fthreahold to electrically~inducad convulﬁions., Theraw

*”was no simple ralation betwaenythe anticonvulﬂant and

}paralyzing gctivity af tha comp,unds, anﬁ tha anhi~ :5f

}cenvulsant action rauld nmt be significantly altered

{ﬁby alkyl or alkoxy aubahituﬁion in tha nucleaa.;ﬁvv?557



L Sympathclytie .tggenta ‘ and Activ:!. w

| Agents whichlatimulata the sympatheﬁic
1}&1Viaicn of the eutonomic nervoua ayqtem are qnibeg

;fnumerons., In additian tc the hormona epinephrine;f

?"the most important of this group, there;ia a largafi

}7number of substanoés similar to 1t in atrucbure,'

Eiwhioh mimic its aetion on the sympathﬁtic nervoua’ﬁ;fmi_

ffsystam.ﬂ Thaae substances ara referred to collectively,ﬁfn'l

juas the aympathomimatic aminea. WQ bhis cl&ss of

f'auhatancas balong the alkalolds epnedrine, Neo~f,m ;
{ 8¥nﬁphr1ne, and amphatamina.:Q |

‘ g The aympatholytic drugs whiah auccessfully
f{blcck or depresa the impulse of sympathetic nervee  ?

1;are few.gg Their use is rraught with many toxia

Lisidenreaationa and censequently their,tnerapautic:ff

ﬁfapplication is limited; 1Axsympatholytic B

.ﬂmarked Specificity ana a relatively low texiaity is ,

”:not available at preaentVﬁ’

A aympatholytic drug antagonizes epinephrine,lfj&ﬂ

‘ 31m1lar ta the antagoniam between atrapine and acetyl-'* t;v

f;chcline‘; It acts as a depreasanh by slowing bns rate ,f”'nl

ff f the heart through deprea&ion of bhe ear&iac

iaccelerator and by producing exten&ive peripheral

i?vaaodilatien and 1ncreas1ng the tcne of the gaatro-f:ff?7” /

ﬂ)inteatinal muscle.



Until reeant&y tne closest appro&ch to

sjsuch a drug has been the twa alkaloids, ergatmminei
; iy 5 1*‘;’,36‘"

j;and ergotoxine.\ Faurneau and hia aaaaai&tes

wahic“appa&‘ to:exhibitVa‘diraet specificity in

ffantagpnizing the action of Gpinephrine, Thase

gfcempounﬁa pessess the following typ&cal structura;}

S Dibenamine has been atudiad phanmaeologicallyi?iiré
.,’i’;'and clinicany by Goodman and his asaociateazv '.vhe |
;?free basa 1e an oily 1iqn1d but tha hydrochloride 18

white oryatalline compound slightly soluble in water;§§ 'x*
1,Th9 compound producea an epinephrina revaraal in blood L

:'pressure, preaenting a reaponae simllar to ergotamine. ;ffff,
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,xt waa shown thgt Dibenamina do@s ‘not daatrcy ‘
epinephrina ahamically, either in vitvo or in viva,‘
:anﬂ, aa it bloekaﬂ the diract sympathﬁtic stimulaﬁlcn a
Qf epinaphrine, hickersagqcaneluaea that 1t prqbably
1acta on %hﬁ effeatnr cells in tha mrg&na.‘ Howev&r,
‘Diben&mina praduces lacal tiaaue ﬁamag@ and alao |
:causea central nervous systenm 8t1mulatian. ‘;;} |

| o Fallowing the 1m§ortﬁnt diaccverﬁ of
‘nib@mamine, a aarias of ﬁ~[§*(d-biphanylaxy)athy;7~
‘E~(3~chloroethyl) alkwlaminaaga and a related campound,‘
fk»[ﬁuio—benzylph&moxy)&thy;7~ﬁ~(£~chloroathyl) >
 ethy1am1ne29 were aynthesized and reportad to be .
'epinephrina antagcniats._ Thase compoun&a conbain
oither phenyl or banayl grmups 1n artho peaitiona

to the phenoxyethyl group. Gump and ﬁikawitzﬁg

: 3ynthesized a sariaﬁ of R-(&~chleroethyl)~N~(2-phenoxy~

ethyl) aminas having alkyl, methcxy and halngana 88

,rlng aubstituents, in an attampt to find aubatanees

of higher potency and to acquira furtnar knowledge -

on the relaticnahip hetwaen atruoture anﬁ activity. |

The least texic and at the same tima hhﬂ most potent
sympatholyhie agantkwas: |

- QonCH - N - cﬁ303201 * HOL
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wn@re F w&s a mathyl, ethyl er isaprapyl group in =
the. ovthg posltion.' Similar compaunds 1n wﬁich hha? 1'
' bnn?y1 group waa replaced by an ethyl ar anphanoxy*i_”'
;ethyl were 1&&3 &ffeetive. e e
f" Kerwin, ﬂ&bdﬁ?ﬁﬂ, Helslﬁr an& vlljatal ~54  
_agmhea* zed 8 sm’*ﬁ.aa c:f 2@ ,ﬁ'«diaubamtutad.«ﬁ-cxhlarow
,ethylanines of the Pollcwing tvpe.

i‘zfzcﬂ - .i“i - bﬁacz!gclﬂml '
3 RY R

R2 { .
*iwhera R alkyl greupa, ‘Rtz methyl, phenyl or benzyl,
_)and 1?2‘3 and H“ hsdnogan, hyﬁroxyl ur mathoxy. Theaa |
’Jamines whan aﬂminiat&r&d ¢ntravanausly to a can at *v_
1 1ow dos&g& lavels completely blmcked the excitatory l

‘effﬂcta of as much as 1 mg./kg. of injacﬁsd epinephrine.



‘c;' Goncapts Involvad 1n the Synthasis of

Ghemotherapautic and gﬁyaiolagieal &gsnts i

" ~’ 1 Ooncept c;f zﬁ@tabolite Antaganism'
ﬁ" The cancept that aubstances ehemically
‘relatad to a matabolita may interfera witn the nonmal
:function of thah metabelita in living calla has |
attracted wideaprea& interesﬁ.gg Thia concept :
'frequently providas a unique starting point for the 7*
synthesis of biologieally acﬁiva oompaunda and tha g
shuﬁy of the relatian betwsan chemical strueture anﬁhi
activity. The shimulus fqr many inveatigations j?flﬁ

utilizing this aancept aame frqm the discovary‘of
‘the atriking ralationship betwean.g—aminobenzeic 2
:acid ana aulfanilamiﬁa-type compounds. However,pi‘ﬁ“'
nct all 1mportant antagonists ar@ atrueturally ' 
jrelated to the afracted metabolite and the va.lué of
specific antagonista must ba recognlzed‘,_i**"f |

: Braadly. an esaential matabalite may ba ’
Vragarded as any subatance 1nvolved 1n tha ehemieal -
\processaa by which living cella are prcdueed anﬁ ’,A(,
’maintainea, ragarﬁlesa af their biological function.gi
,Thus, any sﬁbstanae made available to the living i
cell, which 13 aimilar 1n size, strueture, and | ,
electronic configuration to tha original metabol&te;;'
may be eadily aceapted in placa of the genuine | |
metabolite. Fnrt:her, tne. spurious metabolite: |



attenuates or killa the cells whiahAattempt to use 1t.

A %1th thie theory as the basis, numeraua
metabolite antagoniata havs been develope& in whieh :
tha antagoniat 13 a slight structural mn&ifiaation-{ N
of tha original mat&bolits. Some axamplas of such-,
‘antagonists are the sulfa drugs for‘guaminobenzaia; 
acid, pyridine~3~aulfonic aci& as an antagcniat of
nicotinla acidgé, phanylpantathencne as an antagoniat.‘ -
of pantothenic acidgﬁ, and, pyrithiamin aa an antagonist\j
or thiamin5, "‘ | ‘ i A : h

B It 18 necesaary to remﬁmber, in synthesiz~
1ng a matabolita antagoniat, that assantial vitamin
deficiency might result in man as well as in the ;f
apecifie organiam onﬂ deaires to ﬁestroy. Thua it -
is apparent that the analogues of the vitamina essential ‘.
tc men cannot be emplcyed as chamatherapeutic agenta ‘
if they harm the hoat more than the pathogenic o
organiama In eaaes where thair 3tructura haa been ij
,elucidated, grewth factora not esaential to man but
eaaential to tha arganiam @rovide a feaaible avenue

of attack'



2 Tne Gancept of Isasterism

”*T Thﬁ concapt af 1aoaterian has first 1ntra~ SRR :

;dueed by Lpngmuir 5 in 1919._.mince th&t timﬁ tha
fariginal reatrict&& dafinition ha& undergona conux"5 51

' i&erable moﬁifiaa%’an anﬂ ﬁxben&ion‘

Lungmuir originally prmpuse& that malecules  o

;ar grouns %hich hava tha same numhar Gf atoms, and

ithe aame tetal nnmbar mf a1ﬁcﬁrons amranged in the‘7"”"

same manner, be deacribed as "laoateric?.' He. called FE

fattantion to the faat that wnan 1sastaraa ape alao

;i«oelectria (when thav have tha sama pOu&l hharge),
1they than poaSQas strlkinglyfmimilar phvaicul

Vpropertieag Glaasin axavples of pairs cf iamateras
Jshowing extraavﬁlnarily:clawa agraemﬁni 1n yhyaical

fcanatents are carbon monoyiﬁe and nitrcg&n, end

fearbcn diaxide &n& nltreus ayide.aa Th@z@ &xamplas,’t?fj '

oo 8Gres0: - 200103308 2

s
=1
N bt .
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oot
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“we
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fhowev&r, fail ta eonaider resonanca atructures, which,  “

fin the casa of the carbon dioxide anﬁ tha nitroua

5oxiﬁe, ara not equivalant. 4 | _ S ' 
. Grimmﬁg in 1949 made a rnth@r unsuccasafulv‘why

"‘attampt to explaln isnmorpnism, bub in doing 80, 5

brcadened tne concepu of isosterism to include S



fmoleculaé cr graupa poasesaiug the sama number ofi
"valanca eleetrens, Whathﬁr or nat tha ﬁame numberf

fcf atoms'were 1nvolved. ﬁecording tn &rimmf

:definition, groups ef bha follmwing hypea are B
fclaesed as isasteric. flunride, hydroxyl, amino, 
,and mathyl,a- el e

‘ti‘,‘

s VGQfx:F:T'SJj““ﬁ‘ (NsH - = 303H
T T e N S e "'

S e sCimcaE, L sk s i

However, by Grimmﬂs ﬁefiniticn sush groups

“_aa chlurida, bromme, 1adide, thiol, ate.,

2D e R
L

g:Ql;_fﬁ;ﬁ'v:Br:. coooosXey o o3BetH s

fare 1sosteric with group 1, aa thay all contain th@

aame nnmber of valence elactrons.~

i , i . t“'f‘__ o e:
H ,3S=ﬁ“ ’ ’
e



iR ﬁrl&nmeyer& pointed Qut that varieua dyes
feontaining ~0~ or. 1 s isosteri¢ -Gﬁt- linkaga betweenif
ﬂaromatic rings exhibitad almaat identical absorpticn

a4l, in what 1s perhapa his

 speatra. He alao propose
Tmajér eantribution to tha aonaept of isosteriam, thaﬁlii
 the aromatie «GH = GH» group ana the ring aulfur atmm,v
fare iaostaria.' ﬁrlanmeyer arriveﬁ at this concluaion';

fby arguing thab only the boundary elactrons (tha

S
e - . B -

 6§£§§fe1édtr6né of the group);‘shcﬁld bé‘couhtad‘
iin determining isosteriam. Thus, in‘this §aség‘tha”‘
gtwo electron pairs ahared by the cafbon atoms are
{not to be. counted, as they are cansidered te be

fwithin tha graup, or "pseudoatoms“

| A brcad ﬁefinition such as this results 1n
vcompounds such as benzene. thiophene, furan anﬁ
 pyrro1e being 1scsteric, and although the physical
ﬂconstants of benzene ana thiophene are very similar,'

thase af furan and pyrrole differ widely., Such

S u\ “ e

H
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| différéﬁé®a may be‘aécoﬁheed fcr7by'ﬁne fact that
 tha degree of resonance atabilizatien of the thiaphene 
{molecule, like that af henzena, 18 aignificantly i‘
flargar than that fmr furané&, while 1n the eaae of
?pyrrole, tha molecules can asasciata thraugh hvdrogen
,bcnding involving thﬂ amino~hydregan atsm.,g"' G

 . | It 13 apparent thab the broad definitian
.;of 1sostarism, which claasifieﬁ atoms or groups c0n~L '
v'taining the sama numher of boundary electrona aa‘~ ‘
‘ isoateria, dcea net naaaﬁaarily yruvide a Valia baaia‘
~ for the prediction of similarities in physical anﬂ
”fchemical propertiea; Ona muat take 1nto aaccunt

fauch factora as resanance gossibilitiaa,. puortunitiea
E,for hydrogen bonding, and size. Without exception, W
lthe cnly casaa 1n which iaaateric groupa do actually“t
Econfar eimilar properties ta substancea are thoae
.‘1n which tha groupa 1nvolved diffar 1itt1e in weight.‘
| Erlenmeyer41 found that even in the ex~* 
lfceedingly specifia antigenantibody reactions, certain
,icorr&ﬂpcnding derivatives of benzena and thiophene ? “
e proved to be. 1ndistinguishable.~ o '

- A clasaic illuatration of thﬂ use of 180~
,sterism‘is that of iacsteria derivatives of aulfauf_ff
pyridine, sulfadiazine and sulfathiaﬁolev’ 'The
  re91aeement of the benzene by the thioyhane ring 1n



 a0eaine pre&uced a compounﬁ“

‘claaely reaemhling

;pertinent factara.‘ Aa appliad‘ta,certain epecific

fimportanb rol& in auggesting thﬁ paaaibilitiea of

now phy“""l"gi"ally active asants‘wmeh "f_ﬂiffer

'from oampounda of testeﬁ valuew'nly 1n the subw

stitution of one“iuch iaostericigroup by another.~



L epae

(IL. :'Ex'mw 7'QF‘ ‘#Rﬁsﬁm " ;nmmmw_ e

_ : %iThﬁ extent Qf tha pvaaenﬁ inveatigaticnf{ fi
| includas the attemﬁtad aynthasia mr fluarine 1ao~;§fff

#steras of the eaaemtﬁal aminn aeids 1eucine, iaa?:i} 
fleunina, narleuaine, tyruaina, and sarine. and thezﬁﬁg
ivihamina pyridoxine CVitamin Ba) anﬂ pantathenica_¢!¥
‘facid‘ As diaeussed 1n the previoua aectian on the’f5'
@cancept uf 1sostariam, tha fluorine atom 1s iscstaria
;wmth tha hyﬁrexyl and the aminc groups, and tharefore
jﬁha replacamanﬁ 0f th& amina groups 1n the essanﬁialfi
liaminc acida and the hydroxyl groups of thﬁ above~f§75‘
ﬁmentlaned vitamins should raault in campounds 0f ’

ifintsrasting pharmaeological propertiaa and phyaicnvvf

.flogieal actlvity.,=r:ff?k[fgfk;[ s

: o It ia nlso poetulatea that the replacemenh?
;fof theaa 1aosteria groupa with a flucrine atom, in j;f
~ compoums knewn ta b& esaentlal metabolitea or |
;vitamina, mightx produce a revorsal of the acbivity‘;
A character1z1ng the parant compaund, producing a mlgfj
f'metabolita antagpniat or what is aommonly clasaified'i
llaa an ant1~am1no acid cr anti«vitamin.» It ia also
,;h@ped that desirable ahanges 1n ths phjaiological
?activity of sueh cempounds will not be accampanied

fby an axcssaive 1ncrease in the taxicity,« O



A secund a@@rmaah to tha atudy 0f the

;affec% prgduced by tha fluarina atom in Varioua ;f i
?phJaiologieally activa compaunda is tha introductimn fl
éaf a fluorine atom fer a hydrcgen atam.‘ Tha onmm 5 ;f“
:yaratively amall atcmic radiua of the fluorine a&om
;ia of tha ovﬁar ef that of the hgdragen atom, and,-b4ﬁﬁ
‘like hyﬁrog@n, it raquires only'ona alactron to 'iig
faamplate ita valence shell, Thus wa have undartaken
ftha aynthaaia and pharmaealagical teating of aerieskf
jcf central depr@asant and sympathnlytia agants 1n ‘” 
;which flucrine has been aubstihuted for tha hy&rcgen,
land triflnorcmethyl for ﬁhﬁ methyl group in tha ortho;f
‘mﬁta, and p&ra poeitiena of ﬁhﬁ aromatia ring. Tha _ 
%central depresaant agant chosan for this invastigatian
;waa 5-(3-methylphenoxy)wpropan~1,2~diel (Myaneain);>,}5
.and th.e sympathaly*sic agent N-[' A «(8~methylphenoxy)-;
:'1 sopmpyl] ~I~$~benzy3.~ P »chloroe thylamine hytirachloride ."
1By 1ntroducing a fluorine atom or 2 trifluoromethyl
vgroup 1nto theaa campounds, we hope to enhance their
fphysiological activity withaut exceasivaly increaaingiﬁ
 their tcxicity. R Lo e :
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EXPERIMENTAL

I. — Attempted Synthesis of Fluoro—’AnHvitamins

Fluoro Andlog of Pyridoxin — Vitamin Be:

CH,OH GCH,Br | CH,F
HO CH20H HO CHzBr HO CHoF
40 ZoHBr HoFz
HL N 94 %  HC\, Anhy. HF H3C
HCI HBr . HF

"Fluoro Analog of Pantothenic Acid:

CHj O GH3 Br
3 L 40% HBr 3 pe
GHy=C — GH-C — GH&C — GH =&’
| ]
] CH, l | G4 |
0 | 0
HaFe CHy F 0
Anhy. HF 0%, 0 NHuCH,CH,C'— OH
. ~— GHp— C—GH-C -
KF I
Gellosolve ‘ GHgy
0
CHsF o 5 CHs F | 0
400H20 CHC= NHCH,CHE % OH %—IZVCICHC CHG— NHGH,GH.C=OH
CH, | CHy
CH, F |
Anhy. HF ! +0 0
= FCHp=G- CHG — NHGH,GHE™= OH
Hg F»

CH,
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’.?gxx; EX?ERI%Eﬁ%ALj ¢LkFev

2 Preparat1on af Dibramapyri&oxine Hydrebromideés’év

Lgmgom Coh i
ol NCHoOH . ey
o oHo N i - S
e O R e R
205 g. (l 0 mola)‘ favg'g; (1.0 méiai o
40 g.,(o GQ? male)" 34 g. (0 ogl mole)
' 0.091
Yield 94
% : .097 %

i jﬁ”fléékfehéféed”Wiﬁh‘?ﬁ"g.y(OoQQ? moié) 6f
2-methyl~5-hy&rcxy-4 5-&1-(hﬂdrexymethyl)~pyrid1ne
hydroahloride (Fyridoxine Hydrochloriae, Vitamin 36)
Jand 500 ml. of 40% hydrobrcmic aciﬁ was raflnxea for‘
two hours, The aolution was ceoled, the cryatals«'
filtered and washed thoroughly with water, acetone,
and then ether. The yield of &-msthylusuhyaroxyn '
 4 5~di~(hromomethvl)~pyrid1ne hydrebremida, meltiug
,at 233° (partial dacompoaition 2170) was 4 g. (94%).



48

5;5,1g*\4  ; ‘ﬁnhy. HF A\
~ mof" CH, Br o)
CellOBolva‘Vfuzk Ngso
e &

-q

:f«f[}‘“‘a‘“’ e

ﬁBr fwf“"°’

;‘ 376 g‘ (1 0 mnle)-‘,w
t1f5 g, (a 0155 mole)

rfgg‘Yieldj

:iMethod A¢ e i
i To 5.0 g. (O 0133 mola) of Ewmethylaﬁ-hydrcxya:
;ﬂ4,5~d1 (bromamethyl)upyriaine hyﬁrabramide disaolved k
in 30 ml. of liguid anhgdrous hyarogen flunride main-?[j,
;}tained at 0° C. 1n a metal beaker, 4 5 g. (9 o2 mcle)
gfof mercurio oxiﬁe was added, with vigorous atirring. ;,;;
':Tha red mercuric oxide gradually turned 1nto whita
‘ mercuric bromide, anﬁ aftEr tnirty minutas the whita
ésolid was separatad, the hy&ropen flumride evaporated,;f;
;‘and attempta made ta purify tha r@dulting material o
: by reeryshallization fram anhy&roue aeetcne, alcohal, -;i
[atc., Gnly tarry materials were obtained.,»A”" o
Method B.‘;_ S 'iv ‘. . 4  T o
“ | Eihrcma«pyridcxine hvdrobromide (5 0 g‘,

| 0.0133 mole) waa 613301ved in 50 ml. af freshly~ f



BT

ﬁj_distilled. anhydrous celloaolve . heatad tm 1:55 Y and |
19 g¢ « 0«0&8 male} of mercurie fluoride a&ded, wii:h
‘;’vigorous stirring.v ‘I‘he so:mtion turned. a. dark bmwm'
f;ma tempemture Was 1owesmd to 60" and tha solut:i on.
}v‘a{f,itataa i‘ar 'chree hours. «‘ '.{he salt &nd. aolvent: W@re
'iremoved, ami only a ra&inéus material, rasistant to

cf’ystﬁllizaticn and gumfication, waa ohta:ined. L  : )

thémi::teﬁ x'eparation of: a“-»bromo- P P~dimethyl

‘ .-Y--butyrolaet:one.

~ Hg OH o e e Gﬁa B
- Gii2- c 5 oz;..c 40% HBr g Gﬂzr ¢ - GHG‘
l Gﬁa o , R BI‘z ;r, l S 035

130 g. (l.()nola) 1955.(1.0 mole)

5 g. (o 0384 mole) o .

No ?Ziem; E

ﬁethoﬂ a. AR &

‘\ J--hyﬁmxyu ’F,P -»dimathyh ' ~hutyrolac’cone
"5 0 g., 0 0:584 mole), and 25 ml. of 4%0,3 hyd.rcbromic |
‘acid were refluxed for three hours. ’.{‘ha exeesa hyﬂra-
: bromic acid was remaved under vacuum, the 0ll waahed

‘f_ wi th. water and ether extract;ed ’ the ether dried and
,:'ramove.i by distilla’cian. : Attampts were made to purify
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EXPERIMENTAL

IT - Attempted Synthesi's of Fluoro Analogs of Two Essential

Amino Acids on their Esters

Fluoro Analog of Tyrosine:

F
0
GH3CHp C-CL
AICl3

GH,CH, & OH
CH, :::
Bl’a
Sun
—
180 ° C.
F
,0 | 0
CH2CHBr G —OH CHaCHFC = OH
SQClz ‘ HgF,
Br, CHCl,
F F
Fluoro Analog of Isoleucine:
GOOC,Hg | 0 Bra
KOH SOCl,
CH CHZCHBr + Na: CH —BYR CH3CHZCHCHQC OH
oH3 | coooaH5 A CH3
GH.CH CHCHBrC//E)OC He — S CH.GH CH‘OHFC//-(-)OCH |
3702y 2'%  Gellosolve 3702 2’5

CHs | . CHs
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_tha raaulmng; oil b'y arystsallmatmn or maleaular
‘diatillatiom All at;i;empt.a failea ts yield. pum
¢ ~brcmo- F P «dimethyluYubutyrclactnna. TR

fﬁethod~ﬁr

| - Similer quamtitwa of the f —hyﬁroxy-lac:*bene .
‘excess bmmine, and red phoaphcms (m' Fﬁra) mm
'z'eflumci ovemig,ht. ﬁ‘h&} exceas bmm,.n@ was remw@d‘,.:"_»' '
the nil washed with a sodium bisulfite aalution, and"  
'than treateﬁ aa demmbed in the ;:mviaua pmcmure._ L
All at:*:;empts fpiled to yﬁ.elﬂ. pum a‘-n'bmman F, /3~di~ e
:meth;yl«\’ ~butyx-olaatona. L

9,50
'?repax‘&t‘f on of ,B (waluorephanyl)»px*m::ionlc a«r.:mfe ’50

C-CHgCHz . GH,OH,CO0H
g8 Sulphur G
Morpholine . ' S
- KoH .
152 g. (1.0mole) 168 g. (1.0 mole) |
74 g (0,487 mole) ‘46fg. (0,275 mole)
% Yield = —Q:273

0.487 ,56%



_.f ;1Q2”;,3fQ‘

Cp- (g—flunrc)phenyl)-propicnic aum was
prepared fz-om Q»fluorophenyl ethyl katona, usingl
tha "%fﬁlgarodt" Teaction 89, 5
o A mixture of 74,0 g (0.437 mola) of
g-fluoraphanyl ethyl kestﬂne s 26.0 g. | (0.’?5 male)”:::
_vef aulf‘m', and 6.:.0 g. (t:) '?5 mole) of’ morpholine*‘, Sl
jlwas mfluxed at: 3.3()0 c. fe:- thirty haur'a,v Hy&rogen
‘sulfide was libarated and a black solution resulteda
-The 1ntermed1ate t;hicamide waa hydmlyzed, direct}.y
’by the ad&ition of dOQ Mla of ethanal, 50 ml. of
water, and J.OQ g. c:f potaaaiwn hydroxme ’ refluxing
for aix hours » and than mmpuratinn to dryness. S
»Tha resulting aolm was dissolved in water, ac.mified,‘”
tha sulfur remevsd by fi.ltratian, and. ma dark oil "
,axtracted with ether. The e’cher* was dried over* |
calaimn sulf‘ate, ramovad under vacuum s ana t;he oil |
:fractionated at. 140—142° (2 mm.) to yﬁ.eld. 46 g. (56“%) :
,‘of‘ P (E-fluarophenyl)-—propionﬁ.a actd, ’ which, upon |
cooling, gava a solid. m&lﬁing at 89-—90" c, e ’
| Anal. Galcd.. for 0939029 + c, 64, a,‘f_\ LA
’H,;"5.4. Found: 6, 64.6, H, 5.3. o



‘Preparation of o -Bromo= P'«y(géf‘lﬁdrbphényl}'?prbpidnié acid:

‘“;5:cﬂgcﬁgcaox*fi_[v‘ r-7;aN,‘J~ g,ch“cHB:00c3;; 
SN " Brg '
o RCly o

 ‘"56 g (°~314 m°1ﬁ3‘* 47 g+ (0:191 mole)

% ¥1 1d =

| p (grflucrophenyl)-prop&onic aeid (36 5.,
_0.314 mola), 40 g. (0.&5 mole) of bromina, and 2 ml..
'af phcsphorus trichlcriae were refluxed tcgethar
overnight’ The resulting 011 was dissolveﬂ in ether,
washed with water, treated with eharcaal, and dried

r_over calcium sulfate. ?he 9ther was remnvad unﬂer‘“
Vacnnm, and the solids recryatallized from Skelly-i 3
| solve "B“  The yigld Qf.cruda materia} was‘47‘5.§ 17
B R I R e
ol oma. for ogigame oy 458
“K;‘S.S;f e N R R
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Preparation of "’Er°m0~‘ﬁ~(2~bromo-4-fluorophenyl)
. e P?ﬁpionic aeid"ﬁ 7f“

”"aﬁgcﬁgreaaa’,ff

"x7  ‘,';fé: :' “ﬁ “j f  RE oy ITa
o Na:CH(GOOC2HS) o ‘Brf:jf,ﬂ‘ .

- Brg ,

268 . & (1 0 mole)  ‘;~_**j;- 326 g. (1 o mole)
‘”f 18 5 3¢ (0~0685 male) 'j},, 8.2 g. (0‘0345 mole)j;

T “ﬁ 0.0246

,36%si5

o f’“li To 50 ml. nf absolute aleohal containing |
;11.0 ge (G.oses mole) of athyl malonata and 1.57 g.{;l’
}?(o 0685 mole) of sodium was added arapwias 18 5 g; -
:i(O 0685 mnle) af 4~bramc»4~f1uorobanzyl bromida. ‘,j'y‘
}*The mixture was rafluxsd for aix houra, th& sodium
_T’fbromide mmevea ’by filtration, the aleohol diatilled
‘3off under vaounm, and the reaulting oil aﬁded drOpwiae
:to a hot . aolution of 100 ml. of water anﬁ 15 g. of |
';potassium hydroxida and haated for an additional
 "thraa houra.  Thia aolution was evaporated to dryneaa,
'fthan diaaelved in 100 ml. of water, coolea to o,
. and acidified with exoess hydrochloric acid while the
«'temperatume was mainbained at 0° C.f The acidic

aolution was ether extracted, 11 g. (0 0685 mola) of



bramina was addeﬁ &ropwiaa ‘0" the ethereal aolution,f;;‘
itha mixture refluxe& for threa hnura, tha ather reajjqi
’moved, and tha rasulting oil aecarboxylated at 140°i jﬂ
for two hours. Tha rasulting material aali&ified :
upon csaling, and repaated recrystallizatinns from  "‘
Skellysolve “B" yialda& 8.2 g. (56%) nf a whita
'solid, melting at 1v¢~175° ce i S
e Anal. Galcd. for OgﬂqazFBrd'*: 5;;53.?{  :ff
H,ﬂzis.v,Foqna o 35.6, H, z.a._ AR

;Preparation af /3 (E-fluorcphenyl) alanine?l's‘a

(ccoc g ) S IR e
\GH Cl S 245 2 | CH,CHNH,CO0H
+-

9 eI
i Na:G~NHGCH5 /!;;. S gt

j?i@é'g;‘(1;Q mﬁle)]3 183 gv (1 0 mola} S
- 10 g. (0,70 mole) e 6.6 g¢ (0.36 male)7a 

s

| In al 1.'three-necked flask supporting @
stirrer, dropping funnel, and eondenaer, 15¢O g
(0.069 mole} of diethyl acetamidomalonate waa addéd
‘tn 150 ml. of absoluta alcdhol and 1 59 g. (0 069 mole)



of sodium._ To tha rasulting alear sclutlon.la ge
9(0,70 mule) af grfluorabenzylohlaride was addeﬁ arop~
iwiae, and tha mixtura was rafluxea for six hours¢ ‘ 
fThe aalution waa filtareﬁ, tha aleuhal removed un&er E
 vacnum, and tha remalning solids refluxed with 66 ml.
of 46% hydrobromic acid for nine hcurs. Tha hot acidx
isolution waa %reateﬁ with decolorizing eharcoal, 9} 7 
:ccoled, aﬁd tha pﬁ adjugted to 6 with ammcnium
fh@droxide. Upen ahilling Qvernight, .6 g. (51‘5%)
of B (g—fluoro;:»hemyl) alanine b decompoaing at

i?..ﬁlo (Lit. 263 5°) \ Was obt:ained.

_Prepéfatgon of f54ngfiﬁofoyhehyl)eﬁ;triéhlbroacetyl~hi§nin§:j;

CHpOHME000H cn, mmncoca
gCHNIy T S0
(30130 - Cl ! k 0013
4
185 g. (1 0 male) u£8 g. (1.0 mola) |
3 g. (0 0165 mole) 2, v g (o 0085 mole)“’s’
% Yield = 00085 = 50,575“‘

10,0165

/s (R-fluorcphenyl) alamne (s.o ges O 0165
Vmole) and 20 ml. of triohloroacetyl ahloride were

refluxed together for four hours.’ The excesa L



triehlcroacetyl ehlor:ide was remaved under vaeuum,

‘and the resultsing solids were dis.solved in cc:ld.

'dilute aodimn hyﬁraxme. The baaic solution was -
 acidif1ed, the aolida filtered, washed. anﬂ driad
v:under vacmm to y,’\.eld. 2“? g‘ (50.5 ) of‘ 1mpure : .
'P (Jg~fluorophanyl)-ﬁntriehloroa.cetylnalanine y ;"
~melting at 229-250°% e

| ““f_ ansli Caled. for 0113903§P01~ .i{ ¢, 40.2;
H, 2.8, Found: c, 4&.0,; 2.5.}1 L aan e

.Preparatibn‘ of P -{ g-nitréphaxiyi ) -N ;?ﬁﬂcﬁléﬁréa'cétyl ~alanine

Gﬁgeﬁﬁﬁacmﬂﬂ ”1.;iggJ'§§k~fV§$f¢ﬁ;cﬁ$ﬁé6cgl;7‘“

o 3 OHRHOOOH -

| | G=0 e

~ 6015c- cr L W e
M G0l -

R

 [ 209 g; (1 0 mple) ‘73,[;,f _;?1$5a géf(1?0 ﬁ¢19} ~¥‘tf |
Bos Gamn ke G

0 0062

i P ( 2~nitrophenyl)«H»triuhloroaeetyl-alanﬁ,na ’
was prepared f‘rom B~ (p;—nitrophenyl) alanﬂ.n«a as

dascribed 1:1 t}:m previous aeetion. 'rhe yield of



. I"«znlOQ-ﬁif

impura material melting at £45u246° Was 3.2 g; (43ﬁ).j
 Mmel. Caled. for enagnﬁxssgmg ;' ¢, 37.20;
'H. 2 56, v.go‘ Fcund..! c:, 39.43~ 3:—1,. a,ew,; N, 9.92.

Preparation éf7Ethyl'g‘;Brdmoﬁaérnateﬁsii

CHsCHEGHBG‘K zoﬁgcaoﬁ ~Fry — $ CHZCH O, CHCHBRG000SHE
Cgﬁsﬁ)ﬁ{ g e
130 g. (100 mola) 294 g. (l 0 mcle)
2u2 g. (2.0 malas) 493 g; (1 80 mclas)
% led 1:80_ . g0

2,_09 |

- A mixture Gf aOO ml. of thionyl ahloride  i
”éna 233 g, (2.0 molas) af caproic &cid Waa refluxed .
'for cne hour; then 3&0 g. (2.06 moles) of bromine was
added dropwise‘} The mixtura was reflux&& ovarnight ﬂ
‘and 400 ml. af abaolute alcohol addad dropwiae._ whe
excess solvents were removaﬁ and tha veaulting ail
was diamlled at aeo-aos" (736 mm.) to yiald 403 g
(90%) of e’ch'yln- d‘ ~bmmocaproate .



*'1(}9-{ 'j'.

Attempted Preparation of Ethyl-o* -Fluorocaproate:

Cﬁgﬂﬁgﬁﬁgﬂﬁ:&(}mr(}{)ﬂﬂaﬁs — - GH&QH&CszﬁchFcaauzﬁs »‘ “f

224 g (L.Omole) 163 & (1.0 mcle)
G R o piow s | |
yﬁethmi az

R In a 250 ml. threauneekad flask fitted with
Epa m@ahanical atirrer, aropping funnel, anﬂ reflux 13v'ﬂ
 condanser supporting a drying tube, 22 4 g. (0. 1 mola)
cf ethylwak#bramacaproate was addad drquiae to a :

, salutian censisting af lﬁ@ ml, of ethylene glycal :
anﬁ 23 g of anhydrcus potaaaium fluori&a.: Tha tem—
perature waafmaintained at 160-170° C. Euring the
'reaction, small amounts of etnanol were ramoved frmm
the reaetion mixture. ﬁfter several additional haura
of haating, the reaction aolution was cacled, ether
extracted, the ather dried anﬁ removed undar vaeuum. 

 The ramaining oil was fraatlcnated to yiald 6 O g.-f

'of the corresponding unsaturated ester (b.p, 175-176 C ), i

and a considerable quantity of highmboiling residue.
-No aP-fluoroaaprcate was obtained. ‘

Method B:
| | Eﬁhy1 éF;br6mocaprééte (22;4 Ees O’l mole)
and 48 g‘ (0.12 mole) of anhmﬁrnua mercuric fluoride

;were vigorously stirred and heated at 1000 for four



S oo-le-

Aheurs. The maetj.m Mxture was cualeé s ether adﬁed »
ami the mercuric brumiﬂe renoved by filtratien. : The
‘}’ethereal aoluticn waa driaé‘., the ethsr ramovad under ,
: Vaeuum. and, the raaultine; oil fraotmnafsad to yield
: the corresponding maaturaﬁed &ster (b.g‘ 175»1‘760)."'

‘Ne o‘«fluorocaproate was obtained.
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EXPERIMENTAL

IOT - Synthesis of Ortho,

0-Fluorophenol:

OC2Hs
HCI
NHZ NONOQ
——

OCaH5

65 4% [j:]—

P - Fluorophenol:

OCH,
HGI
NaNO,

NH,

OCH3

68 %

m - Fluorophenol:

OH
Anhy. HF

NGNOz -

NH

+ -

Meta and Pora'Fluorophenol

OGg2Hs OC2Hs
NZC‘ "NaBFs No BF4
+ - ———eee + -
95 %
—
CeHe
_AIGl,
78.3%
OCH, OCH,
NaBFg4
—_—
95%

__NZG_J 28&
+ - + -
OH

CgHeg
AICl;
48 %
F
OH OH
A
-—-—_—..-—.__—.»
NoF | 40% F



ﬁ?réparation‘sfVgg%athﬁx?&&azaniumyFiuobarat35§’“ﬁﬁ?ff

ooHs
5NH ' “!;,HCI T

Mg ﬁaﬁﬁg"

o I’I&BPé

125 B (1.9 mola) ';;Jjjfazz & (1 a mole)
 ¢ 615 g.-(s*o malea) 'f Tffl050 g. (4 ?3 molaa)

:75f{f35m Y&eld ot é‘gﬁ ol 95%

“ v w'<’

“V'D“methcxydiaaonium fluoborate was prﬂpar@d@

,by the Saniemmann reaatien aa an 1nhermediate in nne{

e .fu:\‘,

fayntheaia of c-fluorophﬂnol.i’

Ta a larga met&l bsaker, aquippaﬂ with a

i{mechaniaal atirrer an& thermomeuar and caoled 1n an ﬁ
?;1oe bath, 515 g. (5‘0 molea) of aniaidine, 1400 ml.;j
5aof watar, and 1800 ml. of cancentrataa hydrochloric ?
‘jaciﬁ were addad, with effieient stirring.~ During o
the courae of 45 minutea, 585 g. (5.0 molea) of

x ma1at sodium nitrite, aleng with small 1umps of

.dry ice to kaep the temparaﬁure below 5° 0., waa f fﬁ
‘ad&ed te the atirred mixture.:‘ﬁ r““_  ' s
 after the addition of the sodium nitrite
jwaa complete, the stirring was continuad for one

‘half hour., Than an aqueous aelution af 1200 Be



of sodium’ fluabgra‘he wAs. miciet’i m;aidly, whilea thea
;_;'tempemtum wae maintaina& helw 3.G° Ch t?ha tan “
;'prﬁcigitafa whiﬁh appaara& waﬂ r&mavea by f&ltratian}
i‘ vahile the mlumm wzm sti&l aeld and waahezcl, fimt.
‘e‘iwith 301:3. mathanal and tiwn with cold atﬁam ﬁ" m
preeip&tate waa a.i.r drie& ta ywld 10.:0 g. {%%)

oi‘ o“mathoxyﬁiazmum fluabemta °r SRR

| Ffép&f&tien( of gél?’luéébahiable s
05:‘1:{3

~~.RQBF4 Heat: e

d.aa g. (1‘0 mala)

P 12& g. (1.0 mele)
10¢0 ﬁa (%»7& mola&) yﬁ'“fi:‘ 399 gaﬁ(3.09 molea)

ﬁ:.?;?m ':: 65«4%

Ylald ==

T};ze (iry o-methaxy&iamnimn :f‘mabcrate 5
(li}oO g., & *‘m malea) was ﬁivme& intn thx*ae equal
pcz‘ticna am‘l ﬁaeh yartian dacampoaed b'y hea.t:ing 1n
‘f’a ‘: l. raumi bottvm flask fitteci with a candenaar
and rﬁaeﬁ,vem A water trap was connacted to the :-‘f'{ p
fj‘racaiving flaak. me flaak waa hea‘ced carerully o

: wihh a amall rlama s ami ‘t:ha mat@rml dacumposed
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fsmaathly. Tcward tha end of tha d&ccmnositian, the
flask was heated sﬁrmngly to &13%111 the 1ast tracea T

”of preduot. Thﬂ aruﬁe prc&ncts wera ccllectea, 7”*'f

;combinad, and ateam diatilled. Tna distillate was
fethar extracted, and the eth@r &rieﬁ ever anhyﬁrous ft 
fsadium sulfate¢-¢Thﬁ ahher was ramaved and the rasidue,
distillad at 15é»199° a. under atmaspharic ean&itiana"
“to yielﬁ 3@& g. {95 4ﬁ) af a~flucroaniaole‘

fPfapafatiaaiﬁf é?FiﬁEféﬁhén8157’ 583_59§  X

o eoHy B - O
Mk N ‘P
oy Riont ~jglcls Tt e

‘”~1ze g. (1.0 mole) ,V;f‘;" 2 g (1.0 mole)
~=3126 & (1.0 mole) ¢5;{‘;;? e & (oﬁvas mole)

Y

% Yield. “ 1 gos - 7895% ‘)

A mixture of 1&6 g. (1.0 male) of o~fluoro~ ‘
anisola, 300 ml; of bﬁnzene. and 340 Be {2048 mmlaa)
of aluminum ahloride were . rafluxaﬂ for fiva hours in j
a‘l 1‘ flaak.«;”he raaulting masa was~a&dedvslowly |
ta an zca-water mixturea Tha water 1ayer was saparated

and axtracted withAtwo 100 ml. porticna of banzen&.
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:Tha combined benz&ne axtraeta were thoroughly mix&&‘4j
‘with 400 ml. of zo%'aodium hydraxide and the soaiumf 
fhyﬁraxide aolution was than aciaified and ether .‘ ;”
‘extracte&., The ether snluticn waa dried ovar an—t;g'
hydrous nalaium sulfate, the ahhar ramove&, énd the  ,
4rasiduﬂ distilleé at 147-1490 o. to yield 88 g.»ﬁ“‘

7(78 5 %) of o»flucrophenolg;;Q, L

Preparation of gpwethoxydiazanium Fludboratess' 56

GOH{S' ) L  . : 90}13'
- NaNOp O
meBR, T o
“He " j-"’7:‘" . 3;“}‘f!, N BF4
'af125 g (1. 0 mole) . - . 2e2 g. (1.e malea)
369 & (3. 0 moles) ,"fva 634 8. (2. 65 moles)

- '2.85 o 9
% y& 1a ;fETGB 5%

Ta a large metal baaker, equipped with 8
mechanical atirrer an& thermomatar and cooled 1n an.
ice bath, 369 g. (3.0 molea) of Ef&ﬂi&i&in@, 850 ml.‘
of water, and ?20 ml. of coneantrated hydrcchloric
acid were added. with efficient stirring. During
the course of 45 minutea, 228 g. (3.3 nalea) or
moist godium nitrite, along with small lumps of



P R116e

fdry 108 to keep the tamperature belaw 5° G., waﬁ
;added 6 tha stirred m&xture.;:f]‘; ffxfT ‘  '1,«

v ’f After the addition éf the seﬁium nitrite
was compiete, the atirring was csntinned far one fﬁﬂ!
‘half hour. Then an aqueous solution of VdO g. of
xaodium fluohorate was aﬁded rapidly, whila the
}temperature waa maintaine& belaw 10“0. Th& tan
’precipitate which appeared was remov@d by filtration}
}while tha smlution @aa still eold anﬁtwashed, first

with ccld mathancl anﬁ then with cold;fthar._ The
fpresipitate waa air dried tc yiald 634 g. (95%)

1°f Ermathoxy&iazonium fluaberate,]

Preparation of p-Fluoroanisole: -

. Heabt

;;fzza g (1‘0 mole) |  ff;.]1f 1&6 g. (1.0 mole}
' 634 2. (6.85 moles) f;'f} 344 8- (1.94 moles)

| % Yiald. = l 94 | 58% e
: ' 2.85 SRPRRR



Ceramet

| ‘The dry gpmethoxydiazenium fluaborate ii :_‘
,(634 Bes 2485 moles) waa aecompbsad by haating in j ' 
'a 2 l. round bottom flaak fitted with a condenaer  
and receiver. é water trap was cenneoted ta the A} ~ﬂ
reoeiviag flask. The flask was heated carefully
with a small flama, an& tha material decompoaed | 3
smocthly.- Toward tha and of the decomposition, the'
flask waa heated atrangly to &iatill the last traaea"'
of graauct.v ‘The crude pro&ucta were anllected, =” "
cambined, and eteam diatilled.; The distillate éﬁs o
ether extracted, tha sther treated with ammonia gas,{
dried over calcium sulfate, and filtarad.‘ Tha ether
was removed and the residue distilled at’ 156»157 C.f~
under atmoapharia conditiona to yielﬂ 244 g. (68%) )
of g-fluoroanisale.f

Preparation of gyFluorcphen0157a 58. 59,

S QCHy T
e Cglg .
. R L
: 126g.w(i;Bfméléf’ljf'fijf,ilé?é.?(1;o”molé)ff
244 841(1.94«moles) 104 g. (0.95 mole) m ;

Yield - " 1.94 %



”Dg;iis;;ﬁgkbgfjﬁgﬂ*_f}w.r;’

A mixture of z&% g. (1'94 molas) of

fgpfluorcaniaela, 600 ml‘ af benzane,dand 685 gi

;f(ﬁ 0 molea) af aluminum chloride ware rafluxad for ;

‘[fiva h@ura 1n a 3 l; flask;?”The resulting masa waai
vadded slowly to an iceuwater mixtura» The water ' '
filayer waa separateﬁ and extractea with two IOG ml,?f
;fportions af benzene. The combined benzene axtracta'
?wara thoroughly mixad with 800 ml. of 26% aoﬁium
},hydroxida and the so&ium hgdroxida solution waa
ftnan aeidifieﬁ and. etner extracteﬁ.~ ‘The ather _
,}seluticn was dried over anhydrous caloium sulfate,
iithe ether removed, and ﬁh@ reaiduﬁ distilled at

5184~185° c. tc yield 104 g. (43%) of gwfluarophenalg

166

5fPreparation of m»Fiuoropheno

. ;109 g. (1.0 mole) J‘ ' 113 g, (1 o mcla)fj]
‘53218 & (a.a moles) Av: 90 8 (0.80 mole) ;g

4 Yiela‘ 0 80 40%
O TP 3«00
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' _j Approximately 800 g. (20 moles) of anhydroua
hy&rcgen fluaride was a&ded tm 318 g. {d.ﬁ malea) of
,m~ amincghenel in a 3 l. sﬁainless steal flask equipped
1with an effiaient machanical stirrer, and was ma1n~
tained at a temperature of’ﬁo G. by means af external
'cooling.» During the course cf an hour, 166 8 (5.4
'molas) of aolid saﬁium nitrits were added.. The reaeticn 7
mixtura was then attachad to an 1ce-oooled raflux coil,
allcwad ta come to raom tamperature, anﬁ than alowly
heaﬁe& to 450 G. until nitrogan gas ceased to be "
liberated. o s - i
| 9ilution with 1ce water, follcwed by steam
‘aistillation. gave an inaoluble cil whiah was dried
over caleium aulfate and distilled,to yield 90 g. (40ﬁ)‘ ”
of m~flucroph8nol, boiling at 85-6° G. at 34 mm._‘
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EXPERIMENTAL

OH

IV -Synthesis of o- Trifluoromethylphenol :
CF, CF,
‘ Fuming
(CH3G0), O 0 HNO3
NH, 96 % NHCGH, —5°C.
~—— e
CF; CFy HaS 04
CaHs ONO
NO, NaOH  NO, Cu-Bronze Powder
i =
- —
CF CF
v 3 ' |--|2 3, H2304
NO, PtO2 NH, "NaNOg
— o >
88 % 66 Yo
CFs



 Preparation of m-Trifluoromethylacetanilide ~:

- (} i e
Hddty
\”"161 5. (1 ) mole) 5 204 g. (1.0 mole)

1?;%~¥i$l¢ﬂ?3f‘;5511”#’9&£,ﬂf1 1£;;?£ ; '

Twa males cf mwaminobenzatrifluari&e (543 g-)l e
g approximately an equal waight of acetia anhsarida  gff 1i 
lbwere refluxed together for 34 houra. The acetic B

i;anhydride w&a in large meaaura removed by distillatiﬁns

'fana the remaining salution poured iﬂtO °°1¢ Wﬁ“ﬁr' : -’..
 fTha resulting solids ware filtered, wnshs&a and ariad.l   i
to yleld 287 g (@5%: of crnde m~tr1flu°r°methylaﬁﬁ”aﬁilide*6 
?;The cruda matarial, m@lting &h 101.2° - 102*00, (Ltt. 108°)
1 Was suffiaienbly Pura far 1ts desired use¢ ﬁecryﬁﬁal“:,;5’fff
  lizat1on from hot watar gava whita cryatala, melting &

8t 102.4° - 103.0° Co



lEZe

62 65 ,

Prgparaticn nf E*ﬁitro~5~Aminobenzotrifluarid@

CFg

ey Fuﬁéng' HOg B "naé
0 B .\ MEOH.
NHCCH. — HoS0, ””f*”“f§.
a e e
204 g.°(1'd mble).‘~~ . 206 g. (1.0 mole)
204 8 (1.0 mala) 117 g. (0,57 mole)

Yi 1 = "0’57' = v%
S Loo 7T
In a 2 1; flask aquipped with/a maahaniaal

stirrer, dropping funnel, and thermometav, Was plac@d
‘one litar of concentrated aulfuric acid., Thls was
‘cealed to ~5 G¢, 204 g‘ (l o mole) of m»trifluoro»»
mﬁthylaaetanilide adaed. and the mixtura stirred until
 a elaar solution resulted. ,r aolution of 81 g of -
j fuming nitric acid in 100 ml. of concentrated sulfuric
acld was added dropwiae during onﬁ hour, while tha |
temperahure was maintaine& at »50 by the additinn

of smpll lumps of dry 1ca, Ihe sclution wes allowed
| to warm to room temperatura anﬂ stanﬂ for three houra,
;Lhen warmed to 40° for one hour, and poured upon
’rcruehed ice. The yallow, gummy preaipitabe whiah
formed gradually cryatallized and was then washﬁd
thoroughly with water,



e

7’The cruda 3~trif1uaromathyl~4~ﬂitroacetanillde a

j:waa imne&iately adde& te a seluticn of goo ml. gf
TfSQ% scﬁium hydroxada in ?hO ml. of alcanal. The

ﬂfreaulting aavk salutien was rafluxad fcr ld haura,,;; ‘
; evaporataé to abaut twa~thir&s 1%8 armginal valume, 1 :
i and pnured intc larga quantity af acld watar. The |
.jre&ulting solids w&re eelleatad, washaﬁ with water, f§?
and air dried, and ylelded 117 g (87%) o’f 2-nitro- £
*;5~aminobanzotrifluorida, mﬁlting at 125~126° b.r L

f'Preparatian 0f o-ﬁitrabenzatrifluarida'6d S

MO~ ) Hgsoy NOopm N
BN 'i«s:;; | Ggno T

‘3j\/

206 & “«0 mola) 181 g. (1.0'mole)
‘117 g. (0.57 mole) 95 g (0, 50 mole) -

. %Yield 2 0300

zeeg
aolution aonaiating of 117 g. (0.57 mole) .
of crude annitr0~5~am1nobenzotrif1uoride 1n 60@ ml. |
of dbaolute aloohol was. cacled to 0° C., and, with .
;Hstirring, 102 g. (l 04 moles) of canaenhrated sulfuric?

‘acid was alowly added. Tha,amlution waa\maintaineda
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iat 0° Gy wnile 79 g (l‘Gé molea) of athyl nitrita
‘ waa aﬁded dropwiae aver 8. perio& Qf 45 minutes.4q;g*‘
.QAfter an a&ﬁitional hour, the selubion was allowe&
 ta warm to 15°, and 1 g.,af aoppar~brenza pnwder ;T. E
fwas a&deﬁn, Evolutien of nibragen began 1mmeéiataly,
4and the mildly exathermia reaction was allowsd to %
fprocaea until thﬁ temgerahure reaahed 409, whare "
‘1t was held until the avalution of nitrogen atcpped~ g
;The salution waa then boiled for 15 minutea, ﬁiluted '
with l liter of water, and extracte& with fiva 150 ml.
”pmrtions of chloroform¢; ‘The chlarafoum was dried:w 
,'ovar magnesium gulfate, remeved by distillation,‘~"”
and the rasulting ail fraotionatea to: yield 96 gsf <
\ (88%) of uunitrabenaatrifluoride, bailing at 106- f,
j103° a‘ at 20 mm.‘ 

' Prépar§§1bnf6f o~Aminobenzotrifluoride: i 

CFy . cFy .

NOg
. PEOg jf}j
191 g. (1.0 mole) 1&1 g. (1.0 mo:m)_' :
95 g. (0,50 mole) vx g. (0‘44 mole),”

% vtela = 2e2% :"88%\

«50



e A mixture of 95 g. {0‘50 mol&) cf cunitro~2;
Ebanzotrifluuride anﬁ 0,2 &. uf platinium cxi&e was ¢ 7
;shakeﬁ with hyaregen 1n a Parr hmdroggnatcr at L
f50 p.a.i. pntil no mor@ hydragen was absorbeaq

;Tha water an& catalyat ware aeyarated~and ths *yaminaw
jhenzahrifluoride diatilla& at 66~68° G. (15 mm.)l:gf[
;tc give a yialﬂ cf 71 g. (88&); ;

 Prépafa£i6ﬁ $f Q;Triflﬁdfémethﬁipggﬁgi;i?

A

NHy | R

| -NaN02 §;%ﬁ:;3 _f_

\r}?

161 6~ (1-0 mele) '1 "i77i6é‘g}f(150*mdié¥i .
?1 g‘ (0.44 mole) 135' 47 g‘ (0‘29 mola) _‘~

Qw44 s

& aolut&on consisting of 800 ml. af water, :
3620 g‘ ef aulfuric acid, and 71 g. (6.44 molea) of :
fo»amincbenzotrifluaride was. cooled to 50, and 55 g¢: 
:(0 50 mole) of aadium nitrite waa alowly added, with

‘vigarous agitation*‘ Tha mixture waa stirrad for S
’an additional half hour and hhan slnwly warmed to ‘f5

509, maintained thare for ane hour, ‘and finally



"V-‘staam distilled. | The reaulting oil was extrfa.atad
with ather, fhe et,her mluticn ﬁrie&. avax- calcima
f’sulfaw » the ether mmoved by disbillmtien, and the |

f oil fractinnatead, to yield 4'7 g. (66 AN of‘ o~trif1uoro-'
fmemylpmnol, hailing a’c al-eas" m Bt zgm. R



EXPERIMENTAL

Y — Synthesis of Para- and Meta-Trifluoromethylphenol

P-Trifluoromethylphenol:

GH, 4 ~ GHBr, GBr,
' ' Brz _
Light o NaOBr Sb Fs
I90°C. 42 % 68 %%
NO, . NO, NO2
CFy : | CF,  CF,
HCl - H2SO04
-SnCl2 NaNO2 -
——— -
82 % 39 %
NOp, NH , OH

m -Trifluoromethylphenol:

_ -
CF CF CF;
3 H,S0, 3 3
Na NO, Hp O
eer———————— D o]
NH2 NzHSO4 66 % OH
+ —



U elese o

fPrep&ratiou of<gr§itrobensatribramideeg’6@
13'.' g.‘ (1.0 mole) :574 g. (1 o male)
96 g. (0 ?O mole) 110 g' (0 294 mole)
| 0,294 | :
% Yiel& -—‘42%

0‘17(} o

In a 560 cc. flask supporting a reflux
,condensar, dropp&ng funnel and stirrer, 96 g. (G.
vmole) of g»nitvctaluene waa hgata& to 195° and rapiﬁly"
fagitatea while 280 g. (1.75 molea) nf bromine was |
’addad dropwiae aver a period of two houra. The i~i';“}
 raau1t1ng solid maberial was leaahed with 1‘5 l. of :
Jhot petroleum ethar. cunsidarahla tar was left behind 
in thia procaas.l The petrolaum ethsr aoluhion waa i
’evaporatma to 300 ml., and’ chilled to 0° The ﬁolida :
'were then separated and diaaolved in 400 ml. of hot o
-methanol, and ‘the resulting aolutian paured, with
:stirring, into 2 l¢ of 1ce water" The soli&s were
‘filtared, waahed with eold watar, and added to a cold 5
,aodium hypabromite solution conaisting of 180 g. or g



L wlfQe

bromine, 196 Fa of sodium hydroxide, and 1500 ml.
 0£ water* The suapenslon was oaeaQionally shaken
‘and allawed to stand for two daya at ronm temperaturan  :
The aolids were seyaraba&, waahad, and recryatallized -
from het mathanel to yiaid 110 B {427) of gfnitro» \
bengotr&bromida, mqlting at 82-83° {th.,aa),,

Preparaticn'bf g;Niﬁrobenzbtrifluoride62:

GBry cFg
‘ R SbFsl \
N 'd
CEmOy  zf   : N0,
| ;\574,@.5(1.0 male),.rv CL 101 g. (l o mole)
110 g, (0.294 mclas e 38 g (o.zo mole)
| | 'c;zod oy
Yie 1& = - = 68%
% 0.294.

A mixture of 110 g. (0.%94 mcle) of Eynitro- :
 benzctribrom1de and 58 g.~(0.52 mole) of antimany
fluoride was heated in a amall raund«bobtom flask
supporting a condenaer sat for diatﬁllation,’until

 the mixture waa entircly melted. Heating WaB, continued
‘and the mixture diatilled, first at atmospheric pressura

and finally under reduce& yrassure." Considerable‘



‘solidifieatimn Qccurred inftha,ccndenssra The

»diatillate was th&n &iaaelved in s mixture of 109 ml“
:of &thar and a larga excaae of 1&& hydrachloria aei&.f
;The ather was aﬂparaﬁedgﬁwashed with an sxoess bf
:10% ao&ium hyﬁroxida, aried‘cver ealc&um aulfata,
{and ﬁi&tillaa, to yiala 38 g' (68%} Of gynitrobenzaa }
ltrifluorﬁae, bciling at 34~85 (15 mm).{‘¢;jf T*'"“

7?ié§a§atiaﬁ 6ff§43miﬁ6beﬁzbtriflﬁoﬁiﬂe;nyfif‘

L emy Lol g
s G BBy
oy ,ﬂf’zt.f R R

N

191 (1.0 mole) r;ff 161 g (1 0 mcle)
i“ﬁf}se & (o.ao mole) | 26,4 & (0 164 mole)

% yaeza~ w9~i§39‘~ aa%

e To a saluticu of 100 ml¢ of aleohol and |
1 150 ml‘ af conaentrated hydrochloric aeid waa added¥
”fss g. (0,30 mole) af gynitrabanzatrifluoriae. The,ﬁ
}‘mixture was atirrad and 200 g. af atannous chloride*
iﬁwaa added over the ceuree of 30 minutes, vhile rha |
?temperature was mainﬁeined at 60%. Tha mixtura waa

~ heated for an additional 30 minutea and. then poured



Lfi3léﬁl .

t'inte a mixture of iee and 500 ml. of a 50% aodium
;fhyﬂraxide salution.» The reaulting mixture waa ex~
f;tracted with ether, the athar sslubion driad ovar
} calcium sulfate, tha aclvent removad by ﬁiatillation,
"and the resulting amine distillad tn yield 36.4 g.

V(BQ%) of Qraminobenzotrifluoride, boiling at 89~90° C.

| Preparaticﬁ’af E-Trifluorbméthylphenol:‘L

Nﬁz.ff:'*';j ‘"" ,,Qﬁ  f\
HoS04
‘NaNOg = ‘

SN

'  161 g. (1 0 mole) i 162‘3;?(1‘5 mglé), J
'*’26.4 3 (0,164 mole) Uv;_r,10.4 g (0.064 mols)

0:064 39% :
0'164 e

% Yie 4 =

: A 1 1. flaak equipped with a machanical stirrer

'was charged with 200 mle of water, 25 mlt af aulfuric
'?aoid, an& 26 4 8- (9.164 mole) cfyg«aminobenzotri~x :‘"’  
'fluorida, and the mixtura coclad to 5° Slowly,‘ -
~ while tha temperature was maintained at 5% 11.7 g
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f(a‘17 mole) of sodium nitrite diaaalva& in 30 m1.3; ,v°:
fof water waa addeda; The ragulting alear solutien
fwas grm&ually warma&, maintained at 50° for 30 minutas,
fanﬁ steam.&istillaﬁ. Tha raaulting ail was extraated
;wihh ether, dried ovar calcivm 3ulfate, and ﬁistillﬁd ff
at 80»81° (15 mm.), to yielé 10.5 g. (59%) cf o

{ErtrifluoromethylPhﬁn°l"."

??re?ataﬁibﬁ“dffgrﬁwifludﬁamathylphenélas{jii ,;ff.“" :

TN e

'161 g.4(1.0 mole) 5{f:;162 g» (1.0 mole)

'ﬁg aa,s g. (0.5 mcle) :ff'53.5 g (0.33 mole) ;g?f
Yield «91§§~'~ esxffzé'“'t
S @.503 o
N A 6 l. flask equipped with a mechaniaal
’atirrar was chargﬁd with 500 ml. 0f Watﬁr, 65 mls
of sulfuric acid, an& 80.5 g. (0.8 mole) of m»amino-’  y
Abanzotrifluoride, A heavy white suapenaien was f s
'obtainad. This was cooled to 5° and 58.0 g; (0. 55
mole) of sodium nitrite diaaolved in 50 mis of watar ;if

was slcwly aﬂﬁeﬂ. Thﬁ resulbing olaar salution waa ;;‘_
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4gr§dﬁally wafﬁed'ﬁayroom‘temperatufe, mainﬁéinéd’ahvﬁz
VSOa for one hour, and th@n ateam &1st111ad., The,}ﬂ   
,resulting oil was extx-ac'ced with ether, dried ovér
,calcium sulfate, and diatilled at 84-85° G. (83 mm.);
o yield 53.5 g (66%) of m-trifluoromemylphenol.
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EXPERIMENTAL

VI- Synthesis of o° and ot-v- Substituted

Fluoro Ethers -
o Substituted Glycerol Ethers: |

 OH  OCH,GHOHGH,OH

C2HsONa
GIGH2GHOHGH,0H
30 — 80%

R | | R

cA-Y¥ - Disubstituted Glycerol Ethers:

OH | OGCH,CHOHGH
2 G,HsONa o 2 20
GIGH,GHOHGH, Gl
- ot
72— 81 %
R | R

R= —F(o,m,pw)-, -CF; (o,m).



 wlBBe o

e T el T R s e S e
‘Prepaprstion of ﬁéiﬁufluaronhenoxy)fpropan~1,2j&imlzf 5

e . QUH,GHOCH.OH

"Glaggcﬁﬁﬁcﬁzéﬁvi)a =y

-

rf\r V.

2 112 g. (1 o mola) "" 136 g. {1.0 mole)
'f 11.2 g. (o L male) Q. 14.3 g. (o.ovv mcle)f

,},» oo

% Yield = ,£L£Z£1~ = 77% G
: e 0,200 P

, To a sodium ethuxida solution, cunsiating .
f‘of 350 ml. af abaoluha alcohal an& &.5 g.‘(O 1 mole);i
“of $odium, 11.2 ge (0 l mcle) of o~f1uorophencl was i
ﬁa&ded. Glyceralwgf-wmcnachlarahydrin (18.1 gg, Q.ll»k
\{mole) was added to the reaulting clear aeluticn, and' 
;}tha mixture refluxaﬁ nvernight._ The salt was ramcved
by filtration, the alcohol by distillation under
-’atmoapherie condiblona, ana th@ rﬁaulting oil dis~  '

- solved in ether. The ethereal solution vas wash&dfr f
with a ailute sodtun hydroxide aolution, then watn7g';

| dilute hydroahlcric acid, and fin&lly with aater |
, and dried ovar ealcium sulfate.»zmhe ether wea raniffi

; move& by distillatian and “the raaulting oil fraotionateﬁ
,'tc yield 14 3 g {77%) of 6—{¢~fluorophenoxy)»prapan~5f‘
1,2-d101, boiling at 154-1a6° {4 mm.). Thﬂ high- -
boilin5 oil sclidified upon cooling and was recrystallized



| "ffiﬁ’)ﬁ*‘i}f i

from either a banzene»&k&llysalve A m*xture or framL
iether, tha proﬁuct melting at 42»450 U. S  _

i ;‘ y fnal. Caled. for CgﬁllQSﬁ o, aB.l,  ‘
jn, s 0. Fbund 0,,b8.$,( H, &.9.: TR e

'?rééaraiién'0?”34(3~fiuérmnhénéxy)upréhanwl;ﬁédioi:l‘
This componnd waa prapared fram m~f1uorophanol
by the genaral matnad deaeribed 1n the preceaing section,
'using aimilar guantitiea and taahniquesa The yield
of 3- (3»fluorcphanoxy)«prapam-1,2~diel, boiling at
~162-163” (4 rm.), was 1.2 g. (61 j m.p. 47-48°,
: ,  Anal‘f Galcd‘ far 095110 F._ ¢f 58'l’v
fH,‘ 0. Fcunﬁ c,‘av.s; Hy Bty S

Prebnrationkqg‘3é(4—flﬁéfbﬁﬁén§xy)?ﬁfopan-i.zéﬂiolQ
Thia compound waa preparad from gyfluorophenal
uaing ﬁhe quantitiea and techniqnaa 1nﬂicate& 1n the |
preceding sectiens.. The yield nf 3~(4~fluorcphenoxy)~““““‘
'propanol,Z-diol, beiling at 163«16é° (4 mm.) was

14,9 g (80%): mep. 53~54° | > |
s Anal.( Caled. for cgallo o c, 58, 1;
ﬂ;fs;c;‘ Fbund: G, 58.5; H, 6.2. e



wif.ni?émmtim?@f 3;('21;1:‘:41’ ﬁgmﬁéthylﬁnenéx@-;pfopaz;-’l‘,é-as;51;"-\fj:-’ |

e 8»(3~trifluoramethylphenaxy)~prapan~l 2~d1c1
7was prepared (aa deacrib&ﬂ 1n bhﬁ preceding aactions)
jfrom 17 a g. (0 ll mmle) af o~trifluarom&thylphenol., 7
i?Iiscecam;taxa the o«trifluorcm&thylphenal 1a not atable 1n :
baaic aclution. the sadium athoxide solution was . “
'added ta a alignﬁ excesa ef tha phenol. Alao, thelf:"
ﬁoil rinally ubtained was not washed with dilute sodium
:hydroxide, but waa fraationated direcﬁly. Gtherwise
the quantitiea and technlquaa are aimilar ta thaae
{described in the preceding seetions. The yield Qf
“5~(z—trifluorcmethylphenury}*propan~l,d~ﬁial, boiling
fat 150-1510 (4 mm.) was v.a g. (30%);: m.p. sx~64° -
iv;bgif ” ,Ana1.v Calod. for clogllgan o 50.9,‘ﬁ,ﬁ;,
Hy 4.7 Fpund.. . c, 50.8, ‘4.8. |

:jPz‘épér&tioh of 3= 3-ax;1‘fmme‘ﬁmpmnex;y) ~m~op'an;;, 2-diol: ‘

L 3»(Satrifluoramethylphenoxy)-progan-l,ﬁ-ﬁiol |
iwaa prapared frcm 17‘8 g‘ (0.11 mcle) mf m~trifluoro~];‘”l
;methylphenol, by the g&n@ral methad dascribed 1n the ; |
*lprecedlng sectians. m«Trirlucramethylphenol 13 sufficiently
":stabla in 'basic aolution ‘Lo allcaw tha o011 obt&inaci ta ve.

.1 'purifiea by washing with a dilute aodium hydmxme e
‘ 501ut1on. The yield of 3—(3~tr1fluorcmethylphenoxy)~ N
‘propannl,a-diol, boiling at 156~155° (4 mm.}, waa |



115.6 g, (66m): | ,p. 52-53°, SR
'K;Xégvgngounﬁ» c, 5&.1,, __”,:q,;, T

,Prépabation df l,ﬁ-&in(29f1usrophgﬁoxy)éz-prOpanol;) 

P QR A OGHmCﬁGHCHz £
e  j',, ’ 2 Gnﬁsaﬂa ‘> Q
NS Glcﬂgﬁﬂﬂﬁ CH,CL
113 g (1.0 mole) \;;‘ fg"fj]' zao g. (1 o mele)
\;” 11.2 g.~(0.1 mola) _J‘; 10.8 g. (0.04 mole)*

% Yield == o, 03 = 80%

L  > To 8 solubion of aadium ethoxide prepared
 by the addition of 248 g. (0'10 mole) of eadium to ,
:“250 ml. of absoluta alcohol, there was aaded 1.2 g. |
| (0.10 mole) of o-fluorophenol. Following ths addition‘
Hcf 6.3 g* (0 05 mole) of glycarolna# Y;-diuhloro~_' 

hydrin to ths resulting claar ﬁolution, the. mixture
- was refluxad overnight.; The salt was removed by ,

‘ filtration, the alcchol by diatillaticn under atmaa~}
f'pheric conditions ’ and the reault&ng oil waa taken
 up in ether.’ The ethereal solution was washed with .
‘ﬁiluta Boaium hydroxi&e, then with ﬁilute hydrochlor<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>